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Calendar). 
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Question 1: Electricity and Magnetism 
PART A: General 


Complete the following sentences: 


(i)  Hlectrostatics is a study of 


(i) Electrical and Magnetic phenomena stem from a property of matter known as 


(ii) Materials in which charges cannot move are known as Or 


(iv) The work W done by a charge Q as it (the charge) lowers its potential by V is mathematically 


expressed as 


(v) A solenoid in its simplest form is 
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Question 1: Electricity and Magnetism 
PART B: Electric Field and Electric Potential 
Consider the electric dipole shown in the figure below. 


y 


A. 
ki h 
La H J 
) 9 E 
m 2 a 
- zal - 
[4] (i) Determine the electric field, including its direction, at x = d , where d >a, due to the 
given electric dipole. 
E- 
[2] (ii) A positive point charge q is placed at x — d. Determine the electric force, including its 


direction, experienced by the test charge due to the given dipole. 


F= 


[1] (iii) Draw several electric field lines for the given dipole on the above figure. 


[2] (iv) If the electric potential at the origin is 0, determine the electric potential at y = h. Explain 
your result. 


V (x=0, y=h) = 
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Question 1: Electricity and Magnetism 
PART C: Capacitors 


A 12 V battery is connected to the parallel plates as shown in the figure below. 


Ws bY 


A, area 


i separattod 


[2] (i) Ifthe positively charged parallel plate has an electrical charge of 12 nC and the negatively 
charged plate -12 nC, compute the capacitance C for the given parallel plate capacitor. 


C= 


[2] (ii) Ifthe spacing between the parallel plates is / = 0.001 m, compute the area A of the parallel 
plates. 


f 
[1] (iii) Potential difference is generally expressed as V f$" V,= -[ E.dr. 
l 


Using this expression, compute the strength of the electric field between the charged parallel 
plates. 


|E|- 
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Question 1: Electricity and Magnetism 
PART D: Magnetic Field and Magnetic Force 


Two long, parallel conductors separated by a distance of 0.10 m carry currents in the same 


direction. The first conductor carries a current 7 D 10A and the second conductor carries 


current J, = SA. 


0.01 m 


[3] (i) Calculate the magnetic field at conductor 2 due to the current /, in conductor 1. 


|B|- 


Direction: 


[3] (ii) Calculate the magnetic force per unit length exerted on J, by 7, . 


|F|- 


Direction: 


Question 2: DC Circuits 


Consider the circuit shown below. 


i 4C b BL 
sA ee eT See |  —— te. 
+ 

pvi^ sALT 
—  — Te on Oe ee — — HER: [ aaa 


[4] (i) | Use Nodal Analysis to find the voltage V, . 
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[2] (ii) Determine the voltage V 4. 


[4] (iii) Find the total power supplied by the sources. 


Vb = 


2P, = 
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Question 2: DC Circuits 
[7] (iv) Use the Principle of Superposition to determine the voltage V 4. 


V^,a (due to 12 V) = 
V” ¿q (due to 5A) = 


Vea = 


[3] (v) Determine the equivalent resistance seen between terminals c and d. 


[5] (vi) Determine the Norton equivalent circuit with respect to terminals c and d. 
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Question 3: Transient Analysis 


For the circuit shown below, assume that the switch stayed at position 1 for a long time and that it 
changed from position 1 to position 2 at time t = 0. 


1 tao 262 
4 - x — T 
j {| BI 
| F7 


[4] (i) Find v(t) for t = 0 and t = 0*. 


v 0) 


v-( 0*) = 


[10] (ii) Derive the differential equation in v(t) for t > 0. 


Differential equation v(t) for t>0: 
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Question 3: Transient Analysis 


[6] (iii) Find v,(f) and i(t) as functions of time for t > 0. 


v.(t) for £50: 


i(t) for £50: 


[5] (iv) Sketch v(t) for all time; clearly label the axes. 


[5] 


[5] 
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Question 4: AC Circuits 


A 10 MHz sinusoidal wave generator has an open circuit voltage of 0.5 V (peak voltage) in 
magnitude. The output (Thévenin) impedance of the generator consists of a 50 © resistor 
connected in parallel to a 100 pF capacitor. 


A load, which is attached to the output terminals of the generator, consists of a 100 © resistor 
connected in parallel to a 50 pF capacitor. 


(i) Draw a schematic diagram of the circuit in the time domain; include the value of all the 
components. 


Time domain 


(i) Draw a schematic diagram of the circuit in the frequency domain; include the value of all the 
components. 


Frequency domain 
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Question 4: AC Circuits 


[4] (iii) Determine the current in the load. State the value of the current in the frequency domain. 


Frequency domain 


[4] (iv) Give the value of the current in the load in the time domain. 


Time domain 


[3] (v) Give the value of the voltage across the load in the frequency domain. 


Frequency domain 


[4] (vi) Determine the power delivered to the load. Specifically, give the Apparent power, Real 
power, Reactive power and the Power Factor (PF). 


Apparent power 


Real power 


Reactive power 


Power Factor (PF) 
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Question 1: Electricity and Magnetism 


PART A: General 


Answer the following questions. 


(i) 


(ii) 


(iii) 


(iv) 


Electric and magnetic phenomena stem from a property of matter known as charge. What is 
the distinguishing condition of charges that gives rise to a magnetic field? 


The electric field is a conservative field. Explain this property of the electric field. 


When we speak of electrical current, the picture that comes to mind is that of electrons drift- 
ing down a copper wire. The average velocity or the drift velocity of electrons required to 
support a current of ! ampere in a copper wire of 1 mm? in cross-section is abcut (circle the 
correct answer) 


(a) 1000 km/s 

(b 3x 108 m/s 

(c) | 1/3 mh 

(d) none ofthe above. 


The Lorentz force is used, for example. to steer electrons in a cathode ray tube (CRT) or a 
television tube. Clearly write the Lorentz force expression and define all the terms. 
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Question 1: Electricity and Magnetism 


PART B: Coulomb's Law & Electric Field 


Consider the two stationary point charges shown in the figure below. Point charge Q, has a charge 
of 50 uC and is located at x, = v; = 0.1 m. while point charge Q; has a charge of 150 pC and is 
located at x; = y;z 0.3 m 


e 
Qz (gya) 


e 
Q; Gy) 
(0.0) 
[5] (i) Determine the electric force (magnitude and direction) on charge 2 due to charge 1. 


[1] (ii) Determine the electric force (magnitude and direction) on charge 1 due to charge 2. 
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Question 1: Electricity and Magnetism 


PART C: Electric Field, Potential. and Capacitance 


[4] (i) The magnitude of the electric field due to an infinite sheet of charge, of charge density C. is 


given by the expression |E| = -Z .Foro = 885x10? C/m^, compute the magnitude 
"70 

of the electric field and the electric potential for all x20 and all x«0. Assume that the poten- 

tial at the origin is zero. On the figures below clearly show the direction of the field lines and 


plot the potential for all x>0 and all x<0. 


V 
infinite sheet of charge A 
M o 
Bos 
P 0 
——————JÀ— ———Y x | 
x=0 

[3] (ii) Find the capacitance of a parallel plate capacitor (in vacuum? having a spacing of 0.01 m and 


plate area of 0.01 m?. Assuming a potential difference of 12 V find the strength of the electric 
field inside the capacitor. 
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Question 1: Electricity and Magnetism 
PART D: Electromagnetic Induction 


A thin copper wire is wound into an essentially flat coil of 100 tums. The coil has a diameter of 
0.05 m. The coil is placed in a magnetic field which varies with time, r[s], according to the relation 
B(t) = 0.1cos(120n1) T . The magnetic field is normal to the surface of the coil. The ends of 
the coil are connected with heavy gauge copper wire to a true rms voltmeter which has a high input 
impedance. 


[3] (i) | What is the induced EMF in the coil? 
Vit) = 


(1] (qi) What is the voltage reading displayed on the voltmeter? 


(2] (iv) If the resistance of the coil is 1 92, what is the current? 


l(t)- 


(2] (v) What is the power dissipauon in the coil, P(1)? 


Pit) = 
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Question 2: DC Circuits 


Consider the circuit shown below. 


4€ 
_ $y 


| 
| a | E . ed 
ELS ae [7 
6v iQ 29 7A (D ZR 
| | 
— eS pe 
b 
(7) (i) Using nodal analysis, find the Thévenin's equivalent voltage to the left of terminals a and b. 
Vn - 


(3) (ii) Determine the Thévenin's equivalent resistance of this circuit to the left of terminals a and b. 
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Question 2: DC Circuits 


[2] (iij) Draw the Norton equivalent circuit to the left of terminals a and b. 


Norton equivalent circuit: 


(3] (iv) What is the maximum power that can be transferred to the load, R? 


[3j (v) Assuming R is 2 Q, what is the actual power delivered to the load? 
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Question 2: DC Circuits 


| | | | 
| | 
6V ^u 3Q 2Q l ZO 229 
| | 
| | 


[7] (vi) Use the principle of superposition to determine the current flowing downward in the 3 Q 
resistor. (The circuit has been reproduced above for your convenience.) 


I, (due to 6 V) = 
I; (due to 3 V) = 


I; (due to7 A) = 
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Question 3: Transient Analysis 


A. The switch is closed at time t— in the circuit shown below. Assume that the switch was open 
for a long time prior to time zero. 


2 Q 15 Q 


VSS . 


(4] (D Find v(t) fort = O andr = 0*. 


[6] (ii) Find v(r) as a function of time for 1 > 0. 


v(t) for t > Q: 
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[5] (iii) Sketch v(t) for al! time; clearly label the axes. 
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Question 3: Transient Analysis 


B.  Forthecircuit shown below. the switch is closed at time t = 0. Prior to time t = 0. vou may 
assume that the switch has been open for a long time. 


(i) Derive the differential equation for v, (1) for r20. 
i 


HINT: Begin by writing the node equation (i.e.. applying KCL) at node A. 


yS 
“Y 
1 
> 


Differential equation for v. (1) for (20 
! 


(i) Find the time constant for the above circuit and the value of vo (1) a long time after the 
l 


switching action. 
T = 


2) 
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Question 4: AC Circuits 


A 1000 watt electric motor is connected to a source of 120 V m, at 60 Hz. which results in a lagging 
power factor (PF) of 0.8. (Note: lagging power factor means the current in the motor lags the 
voltage across the motor.) 


! Motor 
v (t) Motor 
[5) (i) Calculate the current (rms value) drawn from the source. 
lMoror rms) = 
(5] (i) The PF is increased to 0.95 lagging by placing a capacitor in parallel with the motor. Calcu- 


late the new current (rms value) drawn from the source with the capacitor connected. 


[ 
Total 


Ural rms) = 


ve) es) C x Motor 
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Question 4: AC Circuits 


[10] (iii) Determine the value of the capacitor required to make the correction. 


(5] (iv) The motor can be modeled with a resistor R and an inductor L in series, determine the values 
of R and L. 
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Question 1: Electricity and Magnetism 
PART A: General 


Answer the following questions. 


(13 (i) The mathematical relationship which describes the interaction between stationary charges is 
known as 
[1] (ii) The electric and gravitational forces of attraction between an electron and a proton separated 


by a distance r illustrate the significance of the electric force. The relative strength (i.e., the 


> > 
ratio) of the electric force to the gravitational force d? Jd/ n d ) between an electron and a 
proton is (circle the correct answer) 


(a)  -10?? 
€) -10P 
(Oo ~l 
(d  -10P 
(e)  -10?. 
[1] (ili) It is recognized that a current carrying conductor creates a magnetic field around itself, and 


that a magnetic force 1s observed between current carrying conductors. 


Explain why some materials inherently have a strong magnetic field around themselves 
while others have a weak or essentially no magnetic field around themselves. 


[2] (iv) Explain how/why a coil of wire subjected to an externally applied emf (clectromotive force) 
generates an opposing emf. 


Page 3 of 15 


Question 1: Electricity and Magnetism 
PART B: Coulomb's Law 
Three point charges are positioned as shown on a circle of radius r. The three point charges are of 


equal magnitude Q and Q > 0. .: test charge q is located at the origin of the circle. g has a magni- 
tude of -e. 


[5] () Determine the electric force (magnitude and direction) on the test charge q due to the three 
point charges on the circle. 


F- 


(1] (ii) If g had a magnitude of +e, what would be the electric force (magnitude and direction) on the 
test charge q due to the three point charges on the circle. 
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Question 1: Electricity and Magnetism 
PART C: Electric Field, Potential, and Capacitance 


[3] (i) Consider two thin parallel conducting plates separated by a distance d. Each conducting plate 


has an area of 100 cm?. One plate has a charge of 50 uC while the other plate has a charge of 
-50 uC. Assume that the charged conducting plates can be represented as infinite sheets of 
charge. Find the electric field strength between the plates and outside the plates. Also, on the 
figure below show the direction of the electric field lines. 


el | 


Q = -50 uC Q =50pC 


[3] (i) If the separation d is 5 mm, find the potentia] V(x) for all values of x. Assume that the plate at 
x=0 is at ground potential. Sketch the potential as a function of x. 
V(x) 


[1] (iii) Find the capacitance of the paraile! plates. 
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Question 1: Electricity and Magnetism 
PART D: Magnetism 


Magnetic field is used to deflect charged particles in a variety of applications. The diagram below 


illustrates the deflection of a cnarged particle beam (particle charge q and velocity b) by a hori- 


> 
zontal magnetic field (B. which is perpendicular to P ). The magnetic field is generated by a pair of 
coils; the electrical current in the coils is Z. Assume that the electric field is negligible. 


Horizontal Magnetic Field 


0 
Left Vertical z í 
Deflecting Coil P d 
> n í 
XxX ' 
25 NN 
> 2 

y Right Vertical 

Charged particle beam" q Deflecting Coil 
l 

[1] (i) In order to generate the magnetic field in the direction shown, what is the direction of the 


current /? Explain your answer? 


{2} (uli) If q is positive and the magnetic field direction is as shown, what is the direction of deflec- 
tion (i.e., up (positive y) or down (negative y))? Explain your answer. 
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Question 1: Electricity and Magnetism 


[1] (iv) What is the direction of deflection if the charged particle beam consists of electrons? 


[2] (v) If the charged particle beam consists of electrons and the current in the coils is of the form 
Kt) = [sin (Qt), where I, is the peak current and Q is the angular frequency, sketch the 
position of the deflected beam as a function of time. 


(1] (vi) How would you achieve the capability to deflect the charged particle beam horizontally (in 
addition to vertical deflection)? 
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Question 2: DC Circuits 


PART A: Superposition 


Consider the circuit shown below. 


2A 


{8] () | Using superposition find the current J,. 


[2] (ii) Calculate the power associated with the 12 V source. Also, state whether the power is being 
absorbed or supplied by the 12 V source. 


Absorbing O 


Supplying O 
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Question 2: DC Circuits 
PART B: Nodal! Analysis and Thévenin & Norton Equivalent Circuits 


For the foliowing circuit: 


5V 
24 V E 129 
Ry 
4Q 12V E 
[4] (i) Write a set of equations whose solution would yield all the nodal voltages (having defined a 


node as a point where terminals of two or more components meet). Label the node voltages 
V,, V5, ... . Also, specify the reference node, V, 


Set of Equations 


U] 


(ti) 
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Question 2: DC Circuits 


24 V 


4Q 


Find the Norton equivalent circuit to the left of terminals a-b (that is, having removed the 
load resistor R,) using any method of your choice. The circuit has been reproduced above for 
your convenience. 
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Question 2: DC Circuits 


[2] (iii) What is the maximum power that can be delivered to the load? 


[2] (iv) Determine the value of the load resistance, R,, which will draw a current of 1.25 A. 


Rp = 
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Question 3: Transient Analysis 
PART A 


The switch is closed at time t=0 in the circuit shown below. Assume that the switch was open 
for a long time prior to Um > zero. 


80 V 


[7] i) Find i,(0"), i; (o5) , and ij (t) for > 0. 
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Question 3: Transient Analysis 


1 (ii) How long does it take to lose 90% of the initially stored energy in the inductor (that is, the 


energy stored in the inductor att = Q )? 


[5] (iii) Determine ip({t) for all t and sketch ip({t) versus z. In particular, clearly indicate on your 


sketch ig (0^) , i (0^) , and i,(c). 
0 0 0 
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Question 3: Transient Analysis 
PART B 


A small battery is used to charge a capacitor. A load is powered by switching the capacitor across 

it. You are provided with the follow .ag information: 

(a) the battery has a potential of 6 V dc and that it should not be operated with a current exceed- 
ing 100 pA; 

(b) the resistance of the load is 10 kQ ; 

(c) the capacitor is fully charged or discharged in five time constants; and 

(d) the source resistance of the battery is negligible. 


{3} (i) Draw a circuit model that will represent the charging and discharging action of the capacitor. 


(7) (ti) It is required that the capacitor is charged within 5 seconds and that it is discharged within 
0.5 second. Select the appropriate values for the circuit components in your circuit (that is, 
capacitance and resistance). 
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Question 4: AC Circuits 


A sinusoidal current source of 2 Ams at 1 kHz is connected to a load. The output impedance of the 
current source consists of a resistor, Ro = 20 Q2, in series with a capacitor, C; = 8 UF. The 


load consists of a resistor, R; = 100 Q, in series with an inductor, L, = 4 mH. 


[4] (i) Draw the circuit in the ime domain. Clearly label all the circuit components. 


(4] (i) Draw the circuit in the frequency domain. Clearly label al] the circuit components. 


[4] (iii) Using Norton and Thévenin equivalent circuits, transform the current source into a voltage 
source. Hint: Carry out this transformation in the frequency domain. 


Question 4: AC Circuits 
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[6] (iv) Find the current phasor, 7; and the current, ij (1), in the load. 


[7] (v) Find the apparent power, reactive power and real power delivered to the load. Also, state the 


load power factor and whether it is leading or lagging.. 


Apparent Power = 
Reactive Power = 
Real Power = 


Power Factor = 


Leading O 
C] 


Lagging 
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Question 1: Electricity and Magnetism 
PART A: General 


Answer the following questions. 


(i) The electric field lines always point away from charges 


and terminate at charges. 


(ii) What is the universal reference for electric potential? 


(iii) List two ways by which the capacitance of a capacitor can be increased. 


(iv) What fundamental principle underlies Kirchoff's Current Law ? 


(v) Faraday's Law is expressed mathematically as: 
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Question 1: Electricity and Magnetism 
PART B: Electrostatics 


Three point charges are positioned as shown on the corners of an equilateral triangle of side d. The three 
point charges are of positive polarity. A test charge q is located at the center of the triangle. q has a magni- 
tude of +e. 


[5] _ Determine the electric force (magnitude and direction) on the test charge g due to the three point charges 
on the corners of the triangle. 
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Question 1: Electricity and Magnetism 
PART C: Capacitor 


A parallel plate capacitor, under vacuum, has +50 uC of charge on one plate and -50uC of charge on the 
other. The plates are separated by 1 cm, and the area of each plate is 1 cm?. 


[2] (i) Find the magnitude of the electric field between the plates of the capacitor. 


[1] (ii) How much work would you have to do in order to move an electron from the positively charged plate 
to the negatively charged plate of the capacitor in vacuum? 


[2] (iii) The capacitor is now filled with ceramic (x = 130), what is the capacitance of the capacitor? 


C= 


1] 


[2] 


— 


] 


[1] 
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Question 1: Electricity and Magnetism 
PART D: Magnetism 


A tightly wound coil containing 200 turns and of radius 5 cm has a current of 2 A. Assume that the closely 
wound 200 turns lie in a single plane and that the radius of each loop, for all intents and purposes, is 5 cm. 


(i) | What is the magnitude of the magnetic field at the center of the coil? 


(ii) An electron traverses through the magnetic field in part (i) such that the electron has a speed of 3000 
km/s when it is at the center of the coil. The direction of electron propagation at this instant is per- 
pendicular to the magnetic field. What is the magnitude of the magnetic force exerted on the electron 
at this instant? 


(iii) Find the magnitude of the electric field which will completely balance the magnetic force in part 


(ii)? 


(iv) How would you create the electric field found in part (iii) ? 
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Question 1: Electricity and Magnetism 
PART E: Magnetic Induction 


A magnetic field, uniform in space but varying linearly with time, is represented by the relation 


[B(2)| = a t, where a [T s! is the rate of change of the magnetic field with respect to time, ¢ is time in sec- 
onds, and |B(2)| is the magnetic field in tesla. A circular loop of radius 5 cm is immersed in this magnetic 
field. The loop has a small gap in it, the ends of which are connected to a resistor. 


[1] (i Draw a diagram showing how you would arrange the circular loop with respect to the magnetic field 
in order to induce the maximum possible emf across the resistor. 


[2] (i) | What is the rate of change of the magnetic field that generates an emf of 10 V ? - 


[1] (iii) If the induced current in the circuit is 3A, what is the resistance of the resistor? Assume that the loop 
resistance is negligible. 


[1] (iv) How much power is delivered to the resistor ? 
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Question 2: DC Circuits 
PART A: Nodal Analysis 


Consider the circuit shown below. 


[4] (i) Find the current 7, using nodal analysis 


[2] (ii) Calculate the power associated with the 12 V source. Also, state whether the power is being 
absorbed or supplied by the 12 V source. 


Absorbing L1 


Supplying O 
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Question 2: DC Circuits 
PART B: Superposition 


Consider the following circuit. 


15 mA 


2 kQ 6kQ 


[9] Determine the current / using superposition. 


1, due to 30 mA source = 
J, due to 15 mA source = 


1; due to 15 V source = 
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Question 2: DC Circuits 
PART C: Source Transformation 


[6] (i) Use source transformation to find the Norton 
equivalent circuit between terminals a and b, 
having removed the load, R}. 


Draw the Norton Equivalent Circuit: 


[1] (ii) How much power will be delivered to a 1 Q load connected between a and 5? 


Py = 


[1] (iii) What is your choice of R, in order to draw maximum power from the system? 


R= 
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Question 2: DC Circuits 
PART D: Thévenin Equivalence 


[2] Obtain the Thévenin equivalent resistance between 20 Q 
terminals a and b for the circuit shown. 


Oa 


62 V 4Q 
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Question 3: Transient Analysis 
PART A 
The two switches are switched simultaneously at time /=0 in the circuit shown below. Assume that the 
switches were in the positions shown for a long time prior to time zero. 


[2] (i) Find v0") and i(0 ). 


[2] (ii) Find v(0* ) and i(0*). 


[2] (iii) Find t when (20. t= 
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Question 3: Transient Analysis 
PART A (...continued) 


[2] (iv) Find v(e) and i(«9). 


[7] (v) Determine v(t) and i(t) fort >0. Also, sketch v(t) and i(t) for all time. Clearly indicate all the 
important quantities on the graphs. 


[2] 


[5] 


[3] 
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Question 3: Transient Analysis 


PART B 


The circuit on the right shows a 
12V battery being used to establish 
a current through an inductor. This 
current is then used to generate a 
voltage of sufficient magnitude to 
cause breakdown of the atmosphere 
(for example, vapourized gasoline- 
air mixture) in the spark-plug gap. 
The spark plug gap can be mod- 
elled by a 50kQ resistor until the 
moment when breakdown occurs. 


spark plug 
gap 


(i) Immediately after the switch is switched (t=0*), what is the voltage generated across the gap? 
g 8 


V += 
gap,7=0 


(ii) To ensure that breakdown occurs, it is desired that the required high voltage remain present for at 
least 5 ms. It is estimated that 75% of the initial voltage is sufficient to cause breakdown. Assum- 
ing that the spark plug gap resistance does not change, what is the magnitude of the inductance 
which will ensure that this design requirement is satisfied? Is this the minimum or maximum 


value? 


Minimum O 


Maximum  [] 


(iii) Assume that after repeated switching, a resistive coating forms only on switch contact b. This coat- 
ing may be represented by a resistor. What is the magnitude of this resistor which will cause the 
circuit to fail? (Failure, in this case, constitutes not producing the required voltage for breakdown, 


as defined above.) 
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Question 4: AC Circuits 
PART A 


1.6kQ 62.5 nF 


[7] (i) The source voltage in the circuit is vg(t) = 96 cos ( 10000 1) V. Find the value(s) of L such that ig(t) 
is in phase with v¢(t). 


[3] (ii) For the value(s) of L found in (i), determine the steady-state expressions for ig(t). 


ig()= 


[2] 


[3] 


[5] 
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Question 4: AC Circuits 


PART B 


Load 1 is a 240 Q resistor in series with an inductive reactance of 70 Q; Load 2 is a capacitive reac- 
tance of 120 Q in series with a 160 Q resistor; and Load 3 is a 30 Q resistor in series with a capaci- 
tive reactance of 40 Q. The frequency of the voltage source is 60 Hz. 


(i) Draw the circuit described above in the frequency domain. 


(ii) Find the power factor of each load. 


(iii) Find the power factor of the composite load seen by the voltage source. 


pr 
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Question 4: AC Circuits 


PART C 
20 50 
ig) QU) 40 pF -ET 
[5] Find the average (real) and reactive powers delivered by the ideal current source, 


ig(t) = 30 cos ( 25000 t ) mA. 
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(1) 


[n 


[1] 


(i) 


Page 2 of 16 


Part A: Electricity and Magnetism 


Question 1: Multiple Choice and True / False [S marks} 


Circle the correct answer. 


(i) 


(ii) 


Gii) 


(iv) 


(v) 


Coulomb’s law describes the electric force between point charges. 
True / False 


Rank the following in descending order of resistivity (highest resistivity to iowest resistivity): Cop- 
per, Rubber, Vacuum. 


(a) Copper, Vacuum, Rubber 
(b) Vacuum, Rubber, Copper 
(c) Rubber, Vacuum, Copper 
(d) Vacuum, Copper, Rubber 


Two cylindrical resistors (shown below), fabri- 

cated out of copper, are identical except that cyl- 

inder À has a diameter, 26, which is twice that of : 
cylinder B, $. Which of the following statements 2¢ Cylinder A 
is true? (NOTE: RA and Rp represent the resis- 


tance of cylinders A and B, respectively.) 
<—__—_ > 


L 
(a) Rp = 4RA 


(c) Rp =R; $ 


(d) 2Rp = RA te 
(e) 4Rg = RA 


A point charge of | mC, released at rest, moves from point A to point B under the influence of an 
electric field, and undergoes a change in potential of Vp - Va =-3V. The same charge is then forced 


to traverse from point B to point A along a different path. Assuming that this is an isolated system, 
the net change in the energy of the system is 0 Joules. 
True / False 


2 : ^ 
A loop of copper wire lies in the xy-plane. There is a magnetic field B = B cos(or)z. The 
induced emf in the loop is |V| = mBysin(mt). 


True / False 


y 
^^ Arca, A 
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Part A: Electricity and Magnetism 
Question 2: Electrostatics [5 marks] 
[5] An infinite sheet of charge, havin,, a surface charge density of o, where © > Q, is located at x = 0. 


A positive point charge Q is located at (x, y) = (-0.05 m, 0). Find the magnitude and direction of the elec- 
tric field on the x-axis (y=0) in the following regions: 


Region I: x < -0.05 m 
Region II: -0.05m<x<Om 
Region III: x>Om 


(-0.05m, 0) 
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Part À: Electricity and Magnetism 


Question 3: Electricity [6 marks] 
A parallel plate capacitor is constructed ot `of 2 conducting sheets of metal and a dielectric compound of 
dielectric constant K — 20, sandwiched between the plates. The capacitor, along with its dimensions, is 


schematically shown below (not to scale). 


[2] (i) Calculate the capacitance of the capacitor. | 


Dielectric 
Material 


Conducting Plate 


4———————— á cm —————*- 
0.5 mm 4 cm 


End View Side View 


(1] (i) If, a 12 V battery is connected to the capacitor. What is the magnitude of the charge on each plate? 


(3) (iii) The dielectric material is pulled halfway out of the capacitor as shown below. Treating the new con- 
figuration as two capacitors in parallel, calculate the capacitance of this new configuration. 


2 cm 


2«m 


Dielectric 
Matertal 
x 7 20 


End View Side View 
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Part À: Electricity and Magnetism 


Question 4: Magnetism (10 marks] 


A semicircular loop of wire of radius 0.1 1 lies in the xy-plane and rotates around the z-axis (pointing out 
> A 
of the page) as shown. A magnetic field of B = -20 T z exists in the quadrant x > 0, y < 0, as shown. 
(4) G) For 0< 8 « 2m, calculate the 


area of the loop that is inside the 
magnetic field. 


10cm 


[2] (ii) Calculate the magnetic flux for 0 « O «2m. 
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[4] (iii) Giventhat 0 = 25 where Q is in radians and t is in seconds, calculate the induced emf for 


0< 6 «2m. Also, state the direction of the current (CW: clockwise or CCW: counter-clock wise). 
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Part B: DC Circuits 


Question 5: Current and Voltage Division [4 marks] 


[2] (1) Using current division, find tle current Zp. 
3Q 
20 10€ (1) 
0.50 
(2] (ii) A strain gauge is used to measure the amount of mechanical stress on an object. The 


gauge is composed of a wire such that when stretched the wire's length increases and the 
width narrows, thus increasing the resistance. The circuit below is used to measure the 
amount of stress applied to the strain gauge (variable resistor R). The voltage is read using a 
voltmeter (V) between terminals A and B. Resistances R,,;, Ry2, and R,,; are wire resis- 
tances. 

Use voltage division to find the output voltage V = V4 - Vg. Express V in terms of the 
circuit elements (Vs, R}, R,j, Ry», R5, Ro and R). 


Strain Gauge 
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Part B: DC Circuits 
Question 6: Superposition: [6 marks] 


Use superposition to find the source voltage Vs (in volts with R; in KQ), such that no current 
flows in the load resistor (that is, i; = 0). 


3kQ 3kQ 


+ 


I $^ 2mA 


QA 
Ww 


4kQ 
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Part B: DC Circuits 
Question 7: Thevenin and Norton Equivalent [10 marks] 


[7j (i) Find the Thevenin and Norton equivalent circuits for the circuit shown below as viewed from nodes 
A and B. Draw the equivalent circuits in the boxes provided. 


3 kQ 3kQ 


4kQ 


Thevenin 


{2] (it) What is the power associated with the 2 mA current source? Is it absorbing or supplying power? 


[ Absorbing | 


b O Supplying | 


(1] (iii) Ifa load resistor (Aj) is attached to terminals A and D, for what value of R; will the power trans- 


ferred be maximized? R; = | 
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Part B: DC Circuits 


Question 8: Nodal Analysis [5 marks] 


Write down a complete sct of nodal equations for the circuit shown below. Clearly mark the refer- 
ence node and all relevant nodes on the circuit diagram. 


2 mA 
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Part C: Transient Analysis 
Question 9: RC Circuit [15 marks] 


Consider the circuit shown below. Assume that the switch was open for a very long time before time zero 
and that the capacitor is initially not charged. 
[1] (i) Find the voltage vp (0^ ) across the resistor 
2 


Rp. 


[i] (ii) Find the voltage ZAO ) across the resistor Rp. 


(2) (n) Find the voltage VR) across the resistor R> after the switch is closed. 


(2] (iv) What is the time constant (1) for the circuit? 
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Part C: Transient Analysis 
Question 9 (...continued) 


[2] (v) Find vg, for t» 0. 


[3] (vi) Sketch vg) for all t. Clearly mark the key points on the curve (Le. vg (0 Js ZAG ), 


Vg, (09) ) 


(2] (vii) Find ig, () for t ^ 0. 


(2] (viii) Sketch i, (7). Clearly mark ig (O° ) and ip t9) in the curve. 
I 
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Part C: Transient Analysis 
Question 10: Differential Equation (5 marks] 


Derive the first order differeni.al equation in terms of i; (t) for t > 0. Note, at t-0 the switch is 
opened from the position shown in the circuit given below. 


Question 11: RL Circuit (4 marks] 


Find the voltage v, (oo) and current i; (oo). 


~ 
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Part D: AC Circuits 
Question 12: AC Circuit (17 marks] 


The following circuit is powered t * both a current source and a voltage source, both operating at the 
same angular frequency, © = 1000 rad/s. 


15 kQ 


i (t) = 3mA cos(wt + 172) 


+ 


v (1)=10V cos(wt) 


z 0.1 uF 


12 kQ 


[4] (i) Draw the circuit in the frequency domain, clearly stating the source phasors and the impedances. 


[6] (ii) Using superposition, find the voltage phasor across the inductor. 


t 


i2) 


m1 
Ed | 


3] 


(iit) Calculate the inductor current phasor. 


(iv) State the inductor voltage and inductor current in the time domain. 


(v) Calculate the real power, reactive power and apparent power absorbed by the inductor. 


Pagc 15 of 16 
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Part D: AC Circuits 


Question 13: AC Circuit (8 marks] 


An electric motor rated at 1200 W is powered by a 240 Vms, 60 Hz source. The motor is operating at a lag- 
ging power factor of 0.9. 


(41 (i) Assuming that the motor can be represented by a resistor and an inductor in series, calculate the cor- 
responding resistance and inductance. 


[4] (ii) ^ What component would you introduce in the circuit to operate the motor at a power factor of unity? 
What is the magnitude of this component and how is it connected to the circuit? 
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Question 1 (10 marks) Page 2 of 11 


Six charges are equally spaced in a circle of radius 5m as shown in Figure 1. Determine the 
total electric field Er, at the center of the circle, due to the six charges. 


ue 


qi = q4 = 4250nC 
qo = Q3 = —100nC 
qs = qe = +100nC 


Be SiS al ed eee Ee 


Figure 1 


Question 2 (10 marks) Page 3 of 11 


Two very long wires are located at (—1,0)m and (1,0)m. Wire #1 carries 10A into the page 
and wire #2 carries 10A out of the page as shown in Figure 2. Determine the total magnetic field 
B, due to both currents at the point (0,1)m. 


y 


wire #1 wire #2 
h = 10A I, - 10A 
— — Aah „am — pe x 
(-1,0)m (940 (1,0)m 


Figure 2 


Question 3 (10 marks) Page 4 of 11 


'The DC source in the circuit shown in Figure 3, supplies 600 watts. Determine E, and Ro. 


2.5A 300 


1600 R (ODC source Ro 


2.5A 


Figure 3 


R; = 


R = 


Question 4 (10 marks) Page 5 of 11 


For the circuit shown in Figure 4, is the 0.5A current source supplying or absorbing power 
and how much? 


0.5A 
AER 
E 
109 2V Posa = 
av(*) 200 300 O Absorbed O Supplied 


Figure 4 


Question 5 (10 marks) Page 6 of 11 


For the circuit shown in Figure 5, assume the operational amplifier is ideal and operating in 
the linear region. Determine the output voltage Vo. 


4k( 


V = 


Figure 5 


Question 6 (10 marks) Page 7 of 11 


A linear circuit is driven by an independent voltage source (V;) and an independent current 
source (I,). When the current source is turned off while the voltage source is set to 10V, the output 
voltage is at 3.5V. When the current source is set to 1A while the voltage source remains at 10V, 
the output voltage is now at 0.5V. Express the output voltage in turns of the voltage source (Vs) 
and the current source (Is). 


Question 7 (10 marks) Page 8 of 11 


When a 100Q resistor is connected across two-terminals of a linear circuit, the output voltage 
across the 100Q resistor is at 10V. When a 2000 resistor is connected across the two-terminals, the 
output voltage is at 12V. How much current, would this linear circuit deliver to a 250€? resistor? 


I= 


Question 8 (10 marks) Page 9 of 11 


The switch in the circuit shown in Figure 6 below has been opened for a long time. At t = 0 
the switch is closed. Determine: 
a) the current i9(0~) (3 marks) 


b) the current i9(0*) (3 marks) 
c) the current io(¢) fort 2 0 (4 marks) 


Figure 6 
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Question 9 (10 marks) 
The circuit in Figure 7 is in sinusoidal steady-state. Express the current through the 


capacitor as a function of time. 


ic (t) 


is(£) = 8cos(4t)A 


Figure 7 


Question 10 .(10 marks) Page 11 of 11 


An electrical load absorbs an average power of 8kw at a lagging power factor of 0.8. Pind 
the complex power of the load. i 
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Question 1 - Electricity and Magnetism Page 2 of 11 


Part A 
If the net electric field at location p in Figure 1A, is zero, what is q3? 
y(cm) d 
q3 = 
4 
qi = 2nC gg = 2nC 
e —4 + 1 —H x(cm) 
R! -2 -1 1 2 3 


Figure 1A 


Question 1 - Electricity and Magnetism Page 3 of 11 


Part B : 

Two point charges, +Q and —Q, are placed in a region of space where the magnetic field B is 
uniform and points in the —Z direction. The charges are moving in parallel in the x direction with 
speed v. The distance between the point charges is r, as shown in Figure 1B. Find the expression 
of the speed v, for which the distance r between the charges is not changing in time. 


y +Q è —— >v 


Z x -Qe——> 0 | 


Figure 1B 


Question 2 - DC Circuits 


M 


Figure 2 


Part A 
(i) Find the voltage, Vo in Figure 2. 


(ii) How much power is supplied by the 0.5A current source? 


Page 4 of 11 


Posa = 


Question 2 - DC Circuits Page 5 of 11 


302 


Figure 2 


Part B 


(i) Remove the 209 load from the circuit in Figure 2, then find the Thevenin equivalent circuit 
between the terminals a and b. 


(ii) What is the maximum power that the circuit can deliver to a load? 


'Thevenin equivalent circuit 


Pax = 


Question 3 - DC Circuits Page 6 of 11 


a| | i 


ee 


Figure 3 


Part A 


For the circuit shown in Figure 3, what is the contribution of the 20mA source to the current, f, 
what is the contribution of the 9V source to the current, Io. 


i= 


h= 


Question 3 - DC Circuits Page 7 of 11 


nf | us 


Vp &1000 
20mA ] ue 
1509 1009 9V 
Figure 3 


Part B 
For the circuit shown in Figure 3, find the voltage, Vo. 


Vo = 


Question 4 Page 8 of 11 


40 ; 4mH 
99. 
+ v(t) 
40V eli 


Figure 4 


5A 


For the circuit shown in Figure 4, the switch has been closed for a long time before opening at 
t = 0. Determine: 


i) dr(07) 
iL (07) 


ii) The time constant 7 for t > 0* 
i(t) for t > 0* 
u(t) for t > 0* 


Question 5 Page 9 of 11 


Part A 

Design an inverting voltage amplifier with a voltge gain of —4. You only have access to five 10A 
resistors and one operational amplifier. Assume the operational amplifier is ideal. Try to minimize 
the number of resistors used. Determine the input resistance of the inverting amplifier. 


Rin = 


Question 5 Page 10 of 11 


Part B 
For the circuit shown in Figure 5, the operational amplifiers are ideal and operating in their linear 
regions. Determine: ORO 


i) The current gain 4o/i; 


ii) The output voltage vo , 
0 


Ugo 
i; = lmÀ 


Figure 5 


Question 6 


An industrial load operates at 38.4kW, 0.8 lagging power factor as shown in Figure 6. The load 
voltage is 24020° Vrms. The real and reactive power losses in the transmission line are 2kW and 


3kVAR, respectively. Determine: 


i) The phasor current 7 
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p 


ii) The impedance of the transmission line ZLINE LN 
iii) The phasor voltage V; 
V; = 
Zune = Rume + JALE 
©; 
+ Load 38.4kW 
V, Vioad = 24070? Vnus Q 0.8 lagging 


—O 


Figure 6 
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Question 1 - Electricity and Magnetism Page 2 of 11 
Part A 

Two point charges are located according to Figure 1.1 below. 

i) Determine the net electric field (magnitude and direction) at the origin. 


ii) If a third point charge (+q) is added to reduce the net field at the origin to zero, where (i.e. 
the coordinates) should the point charge be located? 


A y(cm) 


E- 


Figure 1.1 Coordinates: 


Question 1 - Electricity and Magnetism Page 3 of 11 


Part B 


i) A rigid conducting loop is halfway into a magnetic field. Suppose the magnetic field begins 
to increase rapidly in strength. What happens to the loop (circle the correct answer below)? 


IX X ..X..Xi 
Figure 1.2 


1) The loop is pushed upward. 

2) The loop is pushed downward. 

3) The loop is pulled to the left, into the magnetic field. 

4) The loop is pushed to the right, out of the magnetic field. 


5) The tension in the wires increases but the loop does not move. 


ii) The magnetic field in Figure 1.3 decreases from 1.0 T to 0.4 T in 1.2s. A 6 cm diameter 
conducting loop with a resistance of 0.01 Q is placed perpendicular to B as shown. What are 
the magnitude and the direction (cw or cew) of the current induced in the loop during the 


1.2 s time interval? 


XU 


X X 


XO X X X 


Xx xXx x 


X R X 
Figure 1.3 


Question 2 - DC Circuits Page 4 of 11 


Part A 


Determine the values of Vi, Vo, J, and J in Figure 2.1 


10Q 


62 


202 


Figure 2.1 


Question 2 - DC Circuits Page 5 of 11 


Part B 


Determine the value of i in Figure 2.2. 


Figure 2.2 


Question 3 - DC Circuits Page 6 of 11 


Part A 


For the circuit shown in Figure 3.1, determine the maximum power that can be transferred to 
the load (Fz). 


40 
60 20 
a 
18V(*) ag RL Pmax = 
b 


Figure 3.1 


Question 3 - DC Circuits Page 7 of 11 
Part B 


Find the Norton equivalent circuit for the circuit shown in Figure 3.2. 


20 102 
a Norton Equivalent Circuit 


4A 8n 5A 


Figure 3.2 


à , l 


Question 4 Page 8 of 11 


In the circuit below, the switch is in position 1 until all three capacitors are fully charged. At 
t — 0, the switch moved to position 2. Determine: 


i) The charge qi, q2, and qs on the top plate of each capacitor at t = 0. 
ii) The total energy stored in capacitors at ¢ = 0. 
iii) The equivalent capacitance between nodes a and b. 
iv) The differential equation of the circnit for t > 0 in terms of v(t). 
v) The time constant 7 for t > 0. 
vi) The voltage v(t) for t > 0. 
vii) The initial current through the 8Q resistor, just after the switch moved to position 2. 


viii) The time at which the current through the 8Q resistor decay to half the value it had just after 
the switch moved to position 2. 


t=0 
1 a 2 80 i(t) 


C, = 60uF 


C3 = 20uF 


302 202 


Cz = 60uF 


b 
i) q(t = 0) m v) qz 
qt = 0) = vi) w(t) = 
q(t = 0) = vii) i(t = 0+) = 
ii) W(t = 0) = viii) t= 


Ceg = 
Differential Equation for t > 0: 
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For the circuit shown in Figure 5, the operational amplifiers are ideal and operating in their 


linear regions. Determine: 
i) The input resistance seen by the 0.2V voltage source, Rim 

ii) The voltage vo 
iii) The voltage vo? 
iv) The voltage vos 


v) The voltage vo4 


vi) The current ip 


vii) The current ig 
SORN 


Figure 5 
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For the circuit shown in Figure 6, the voltage source is sinusoidal with magnitude of 100/2 V 
peak, an angular frequency of 377 rad/sec and a phase angle of 0°. The voltage source supplies 
1000 VA at a 0.94 leading power factor. Determine: 


i) The current i(t). 
ii) The reactive power absorbed by the Load, Qtoad: 
iii) The impedance of the Load, Zroaa. 


iv) Rand C or Rand L. Assuming a series 
model for Ziosa. 


Figure 6 
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Question 1 - Electricity and Magnetism 


Part A 


The device shown in Fig. 1A is called a velocity selector and its operation is as follows: Charges 
q launched into the chamber from its left aperture with velocity à = v1, should be able to exit the 
chamber from its right aperture, moving along a linear trajectory, only if v = vo. 


If the electric field in the chamber is E = —Ey j, determine the magnetic field (magnitude in 
terms of Eo, vo, q and direction) needed for the device to operate as described above. [4 marks] 


(y) 


Figure 1A: Velocity selector 


B= 
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Question 1 - Electricity and Magnetism 


Part B 


A small conducting loop of area S=2 cm? moves near an infinite line current I, and includes a 
resistor R=5 2, as shown in Fig. 1B. 


(y) a 


Figure 1B: Small loop and infinite line current. 


i) Determine whether there is an induced current in the loop and show the direction of that 
current, if the loop moves with a constant velocity in the: 


e +z direction; 


e +y direction. [2 marks] 


ii) Assume that the magnetic field produced by the wire is almost constant throughout the loop 
area and equal to its value at the center of the loop. Find the current I of the vertical wire 
if the loop current is Ijj,5—1 wA at (x=0.25 m, y=0), when the loop moves with a constant 
velocity j= 10 m/sec i. [4 marks] 


d {1 1 dz 
You may need: d (i) = adr 
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Question 2 — DC Circuits 


Consider the circuit shown in Fig. 2.1. 


Fig. 2.1 


V, = 3V, I, = 10mA, a = 2, 
Ry = 4kQ, R2 = 3kQ, R; = 1kQ, R4 = 2kOQ, Rs = 6kQ 


(a) Use LOOP or NODAL analysis to find I. [7 marks] 


(b) If the values of V, and I, are doubled 
(i.e., V, is replaced by V: = 6V and I, 
is replaced by I; = 20mA), find the 


new current I’ passing through Ra. [3 marks] 
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Question 3 
Part A 


Consider the case of maximum power that can be transferred to the load Ry in the circuit shown 
in Figure 3A. Determine: 


i) The load Rz. [2 marks] 2mA 


ii) The maximum power. [3 marks] NA 


3kQ 
2kQ 


6kQ 


Figure 3A 


Ry 


Page 6 of 9 
Question 3 
Part B 
Consider the circuit shown in Figure 3B. Determine: 
i) The Thévenin equivalent source. [1 mark] 
ii) The Thévenin equivalent resistance. (3 marks] 


iii) The Norton equivalent source. [1 mark] 


Figure 3B 
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Question 4 


For the circuit shown in Figure 4, the operational amplifiers are ideal and operating in their linear 
region. Determine in terms of v;: 


i) The voltage v, [2 marks] 


ii) The voltage v, [2 marks] 


) 

) 

iii) The voltage vp [2 marks] 

iv) The current ia [2 marks] 
) 


v) The current i [2 marks] 


Figure 4 
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Question 5 


For the circuit shown in Figure 5, the switch has been closed for a long time and it opens at t = 0. 
i) Find the voltage, Vc(07) and the current, iz (07); [2 marks] 
ii) Find the voltage, Vi (0*) and the current, iz(0*); [2 marks] 


) 
iii) Find the voltage, V; (oo) and the current, i; (oo); [2 marks] 
) 


iv) Find the time constants associated with the capacitor, rc 
and that of the inductor, 77; [2 marks] 


v) Sketch the transient responses, Vi (t) and ir (t) for t > 0. [2 marks] 


Figure 5 


Page 9 of 9 
Question 6 — AC Circuit 
The circuit below is in a sinusoidal steady state operating at a frequency of 400 Hz. 
i) State the values of the capacitor and inductor. [2 marks] 
ii) Find the phasor voltage Va» [4 marks] 


iii) Determine the average power absorbed by the circuit. [4 marks] 


12Z0°V 


Figure 6 
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Question 1 [10 marks] 


(a) A charged oil droplet with a radius of 1 ym and density of 3/(47) grams per cm? can be 
held suspended vertically between two parallel, horizonal metal plates when an appropri- 
ate electric field is applied between them. The lower and upper plates are negatively and 
positively charged, respectively. Compute the charge (magnitude and sign) on the oil 
droplet if the magnitude of the electric field required to hold it stationary is 2548.75 N/C. 
Hint: The volume of a sphere is (47r?/3) where r is the radius of the sphere. (5 marks) 


(b) A uniform magnetic field described as function of time by B(t) = (9t? — 20t) x 1077 
where B is in tesla and t is in seconds. This magnetic field is perpendicular to a wire 
loop enclosing an area of 18m?. Compute the magnitude of the induced emf in the. 
wire loop at t = 3s. (5 marks) 


emf = 


: Page 3 of 9 
Question 2 [10 marks] 


(a) State the Kirchhoff current law (KCL). (1 mark) 


(b) State the Kirchhoff voltage law (KVL). (1 mark) 


(c) KCL is based on ___________ (choose one) (1 mark) 
KVL is based on... (choose one) (1 mark) 
i) Ohm's Law 


ii) Coulomb’s Law 
iii) Superposition principle 
iv) Conservation of charge 
v) Conservation of energy 
vi) Faraday's Law 


(d) Is the following statement true or false: The voltage across a capacitor can be a discon- 
tinuous function of time? (1 mark) | true n 


false O 
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Question 2 (cont'd) 


(e) For the circuit shown below draw its equivalent circuit (with respect to terminal a-b) 
using a current source and a resistor. Give the expression for the current source and its 
resistor in terms of the original circuit parameters. (1 mark) 


(f) For the circuit shown below we observed the following: 


- With current source 2 mA acting plone (all other sources deactivated) Jo was measured 
to be 0.364 mA. 


- With voltage source 2 V acting alone (all other sources deactivated) Ig was measured 
to be —0.182 mA. 


- With voltage source 4 V acting alone (all other sources deactivated) Jo was measured 
to be 0.727 mA. 


What is the value of J, when all sources are acting together? (2 marks) 


1kQ 


2m aA © 


(g) For the circuit shown below with Is = 3.5 mA we measured Io to be 1 mA. What is the 
voltage across the 2kQ resistor if Jg = 4 mA? (2 marks) 


Vako = 
2k 


Io 
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Question 3 [10 marks] 


(a) Consider the ideal op-amp circuit shown below, determine the voltage gains 
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Question 3 (cont'd) 


(b) For the ideal noninverting op-amp circuit shown below, determine Vo as a function of Vi 
and V2. (6 marks) 


100kQ 
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Question 4 [10 marks] 


Consider the circuit shown below. The switch had been in position “A” for a long time. 

At t = 0, the switch moves instantaneously from position “A” to "B". 

(a) Find Vo(t) for (i) t < 0 (steady-state); (ii) t > 0. (3 marks) 

(b) Sketch Vo(t) in the space provided. Indicate on the plot the values for the time 
constant T, volt = 07), volt = 0*), and vo(t = oo). (4 marks) 

(c) What percentage of the initial energy stored in the inductor is eventually dissipated in 
the 4Q resistor? (3 marks) 
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Question 5 [10 marks] 


The circuit below is in AC steady state. 
(a) Redraw the circuit by transforming the sources into phasors and components into 
impedances. (3 marks) 
(b) Find the phasor current Tr, for iz(t). (5 marks) 
(c) Find iz(t). (2 marks) 


160mH 0.01F 


g(t) = 10/2 cos(25t + 45°)V us(t) = 20 cos(25t)V 


80mH 
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Question 6 [10 marks] 


Consider the circuit below, with the switch (SW) open. 


(a) Determine the total average power supplied by the source. (3 marks) 

(b) Determine the power factor seen by the source at terminal AB. (2. marks) 

(c) Determine the average power absorbed by the load. (2 marks) 

(d) If the capacitor with impedance —7100€) is connected across the load by closing the 
switch (SW), will the line losses increase or decrease? Explain. (3 marks) 


Pive(source) = 


pf= 


Pave(load) = 
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Question 1: [10 marks] 


Insert the correct answer in the box associated with each of the following: 


(a) 


(b) 


(c) 


(d) 


(e) 


(2 marks) Gauss's law $ E - dA = = implies that: 

0 
(1) E must be the electric field due to the enclosed charge. 
(ii) If q — 0, then E=0 everywhere on the Gaussian surface. 


E 


(iii) If the three particles enclosed by the Gaussian surface have charges of 


+q, +q, and —2gq, then the integral is zero. 
(iv) On the surface E is everywhere parallel to dA 


(v) Ifacharge is placed outside the Gaussian surface, then it cannot affect 


E at any point on the surface. 
(2 marks) Choose the correct statement: 


(i) A proton tends to go from a region of low electrostatic potential to a 
region of high electrostatic potential. 

(ii) The electrostatic potential of a negatively charged conductor must be 
positive. 

(iii) If E is zero at a point P, then V must be zero at P. 


(iv) If V = 0 at a point P, then É must be zero at P. 
(v) None of the above is correct. 


(2 marks) Capacitors C; and C; are connected in parallel and a potential 
difference is applied to the combination. If the capacitor that is equivalent 
to the combination has the same potential difference, then the charge on 
the equivalent capacitor is the same as: 


(i) The charge on C). 

(ii) The sum of the charges on C; and C3. 

(iii) The difference of the charges on C, and C2. 
(iv) The product of the charges on C; and C2. 
(v) None of the above. 


(2 marks) Two parallel long wires carry the same current and repel each 
other with a force F per unit length. If both these currents are doubled and 
the wire separation tripled, the force per unit length becomes: 


(i) 2F/9 
(ii) 4F/9 
(iii) 2F/3 
(iv) 4F/3 
(v) 6F 


(2 marks) A rectangular loop of wire is placed midway between two long 
straight parallel conductors as shown in Figure le. The reference direction 
for currents i; and i? are as indicated in Fig. le. If i; is increasing and i is 
constant, then the induced current in the loop is: 


(i) Zero. 
(11) Clockwise. 


(iii) Counterclockwise. 
(iv) Depends on i; — i». 
(v) Depends on i; + iz. u 
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E 


Figure le 


I 
bo 


Question 2: [10 marks] 


A long co-axial cable consists of a solid inner conductor of radius 
R; = 1 mm that is concentric with a thin cylindrical metallic shell of 
radius R? = 10 mm as indicated in Figure 2. On a one-meter section 
of the cable, the charge on the inner conductor is +2 x 10" C, and 
the charge on the outer shell is —5 x 10? C. 


Figure 2 


(a) (1 mark) State the surface charge density existing on the OUTER surface of the inner 
conductor. 


Surface charge density: 


on inner conductor = 


(b) (2 marks) State the surface charge densities existing on both the INNER and the OUTER 
surfaces of the outer cylindrical shell. 


Surface charge densities on the outer shell: 


on inner surface — 


on outer surface = 


(c) (3 marks) Use Gauss's law to derive expressions for the electric field vector E (r) in all 
three regions: r<Rı; Ri<r<R2; and r>R 


Forr «Ri, E(r) = 


For Rı <r < R, E(r) = 


Forr> Ro, E(r) = 
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(d) (4 marks) Calculate the work done by the electric field to move a proton from the outer 
shell to the inner conductor. 


Hint: f a =]n (5) for a>0 and b>0 


Work = 
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Question 3: [10 marks] 

A large field coil is driven by a sinusoidal voltage of 100 kHz with an amplitude of 5V, and can 
be treated as an ideal solenoid. A small test coil 1s inserted into the center of the field coil and 
has negligible effect on the field coil. An induced emf is measured on the test coil. 

The field coil parameters are: Coil radius ry = 4.0 cm; Coil length /; = 1.0 m; Total number of 
turns Ny = 500; Radius of the copper wire, r = 1.0 mm; Resistivity of copper at room 
temperature, p = 1.72x10 * Qm. 

The test coil parameters are: Coil radius r; = 1.3 cm; Coil length /, = 16 cm; Total turns N, =160. 
Hint: Some of the useful equations are: L =N@/i; B=uoni; R-pl/A 


Answer the following questions: 


(a) (2 marks) Find L; the inductance of the field coil. 


(b) (2 marks) Find A; the resistance of the field coil. 


(c) (2 marks) If the field coil is modeled by aninductor ina mm mm 4 
series with a resistor, with the inductance and resistance ! Field Coil Model! 
values found in part (a) and (b), find the phasor current I I i i 
in Figure 3c. 


Figure 3c 
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(d) (2 marks) Find the time-domain expression for the magnetic field B(t) inside the field coil. 


Bit) = 


(e) (2 marks) Find the time-domain expression for the induced emf (t) on the test coil. 


Induced emf on test coil 2(2)— 
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Question 4: [10 marks] 


Part A 
(4 marks) Determine V, for the circuit given in Figure 4a. 


Figure 4a 
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Part B 
From the circuit given in Figure 4b, determine the following: 


0.5 mA 


D 


- +) RL =7kQ 
(b) Pmax = 
re 


Figure 4b 


(a) Rx = 


(a) (2 marks) The value of Rx for maximum power transfer to the load, R1. 


(b) (4 marks) The maximum power Pmax absorbed by the load, Ri. 
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Question 5: [10 marks] 

Assume the energy stored in each capacitor is zero and both switches are in positions as 
indicated on Figure 5. At t=0, the switch on the left is closed. Once the capacitor C; is fully 
charged (at ¢ 1j), the switch on the right moves from | to 2. 


1,7 9A E 
R;-120 t=0 R,-300 t= 


Rg- 100 
V,=5V 


C2=3pF 


Figure 5 


(a) (3 marks) Calculate the time constant 1, of charging C, for 0 < t «tj. 


(b) (2 marks) Calculate the voltage across the fully charged C;. 


(c) (2 marks) Find the maximum current at capacitor C? 
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(d) (1 mark) Determine the charge of C» at t = t; and at t = oo. 


Qc» (t) = 


Qc» (99) = 


(e) (2 marks) Determine the total energy stored in both capacitors at t = t; and at t = oc. 


Utoiat (ti) = 


Utotal (oo) = 


(f) (1 mark) In (e), why is the total stored energy different for t = t; and t = oo? 


The difference in stored energy is due to: 
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Question 6: [10 marks] 
Figure 6 shows an AC circuit with excitation i(t) = 4 V2cos (1 x 108 t — z) A. 


A 


i(t) 


Figure 6 


(a) (3 marks) Redraw the circuit in frequency domain, indicating all relevant phasor and 
impedance values. 
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(b) (3 marks) Find the average power dissipated by the 3Q resistor. 


(c) (1 mark) Find the average power dissipated by the inductor. 


Pion = 


(d) (3 marks) What should be the value of a load impedance to be connected across terminal 
A-B for maximum average power transfer? 
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1. [10 marks] The following rectangle in free space has 15 cm and 5 cm sides with g; = -5 C, and q2 =2 C. 


q 
(a) Determine electric potential at corner A. (4 marks) : © er ee a KK A4 


VAT 


(b) Determine electric potential at corner B. (2 marks) 


Vg = 


(c) Determine the external work required to move a third charge Q; =3 C from B to A. (3 marks) 


(d) The electric energy of the three-charge system decreases when Q; is moved from B to A? (1 mark) 
Circle DNE answer: TRUE FALSE 
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2. [10 marks] For the two-wire construction shown in the figure below, A= 15 A, h=1A,m=3 m, w=2 m, 
and the height h = 4 m. 
(a) Write down an expression as a function of distance for the magnitude I 
and direction of the magnetic field created by the current 44. 
No derivation required. (2 marks) 


(b) Calculate the force on each of the sides, ab and cd of the rectangular wire loop, taking into account 
only the magnetic field created by 44. (3 marks) 


(c) If the rectangular wire loop is suspended and is free to move, which direction will it move to? 
(1mark) 


(d) Calculate the magnitude of the magnetic flux passing through the rectangular wire loop due to 71. 
(4 marks) 


3. [10 marks] For the circuit shown below, find: 
(a) the current, I, (7 marks) 


(b) the power absorbed by R; and R; (3 marks) 
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4. [10 marks] Determine the value of Ry that will receive the maximum transfer of power from the circuit 
shown. 


Rr, x: 
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5. [10 marks] In the circuit below, assume that there is no energy stored in the capacitor at £ € 0. The switch is 
closed at t= 0. 
(a) Calculate the time constant t of the circuit when the switch is closed. (4 marks) 


Do : 20  f-0 100 
10V & ME 62 1 


(b) Sketch the voltage across the capacitor in the space provided. Indicate the initial and final values. 
(2 marks) 


oe ee o o 
æ mæ m m oe ee ee ee ie m 


(c) What is the energy that will be stored in the capacitor if the switch is closed for a long time. (1 mark) 


U. = 
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(d) In the circuit below, assume the switch was in position a for a long time and that there is no energy 
stored in the 6 uF capacitor. The switch is moved from position a to b. Calculate the total energy 
dissipated in the 10 Q resistor while the switch is in position b. (3 marks) 


10 
5V 3uF 
6uF 
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6. [10 marks] For the circuit shown below, the current source is given as í,4(t) = 8 cos(200 t) A and the 
voltage across the current source is measured as v4(t) = 20 sin(200 t) V. 


(a) Represent i,,(¢) and v4(t) in phasor forms. (2 marks) 


(b) Draw the circuit in the frequency domain and indicate the corresponding impedances on your new 
circuit diagram. (3 marks) 


(c) Determine i,2(¢). (5 marks) 
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1. [15 marks] Circle the best answer in the following questions. [1.5 marks per question]. 


a) Two charged particles are fixed in place as shown in the figure. Determine in which region on the line a 
proton can be placed such that the proton remains at rest? 


1) region A A. A B mG 
2) region B O = 
3) region C | *2q 1 +3q 


b) Five charges are arranged at the corners and center of a square as shown below. What is the direction of the 
force on the center charge? 


1) positive x-direction 
2) negative x-direction 
3) positive y-direction 
4) negative y-direction 


c) Ifa positively charged object is brought close to but not touching a conductor that is insulated from its 
surroundings then what is the total charge on the conductor? 


1) positive 

2) negative 

3) zero 

4) cannot determine 


d) Considering a large distance from the object, determine in which case an electric field (E) is not produced. 


1) one stationary electron 

2) one moving electron 

3) a wire with an electric current flowing in it 

4) atiny triangle consisting of three equal charges (one negative and the others positive) 


e) In the following formula 


1) F must be perpendicular to y but not necessarily to B 
2) F must be perpendicular to B but not necessarily to v 


3) v must be perpendicular to B but not necessarily to F 
4) allthree vectors must be mutually perpendicular 


5) F must be perpendicular to both vand B 
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f) The figure shows the motion of electrons in a wire which is near the N pole of a magnet. The wire will be 


pushed 


I) 
2) 
3) 
4) 
5) 


toward the magnet 

away from the magnet 

downwards N 
upwards : kiere 
along its length 


g) Inthe circuit shown, there will be a non-zero reading in the Ammeter (Galvanometer) G: 


1) 
2) 
3) 
4) 
5) 


only just after S is closed 
only just after S is opened 


only while S is kept closed | 
never E 


only just after S is opened or closed 


h) If 500 J of work is required to carry a 40 C charge from one point to another, the potential difference 
between these two points is: 


I) 
2) 
3) 
4) 
3) 


12.5 V 

20,000 V 

0.08 V 

depends on the path 
none of above 


i) Tocharge a / F capacitor with 2 C requires a potential difference of: 


1) 2N 

2) 02V 

3 5V 

4) 0.5 V 

5) none of above 


j) Capacitor C, is connected alone to a battery initially and charged until the magnitude of the charge on each 
plate is 4.0 x 10°C. Then it is removed from the battery and connected to two other capacitors C» and C5, as 
shown in the figure below. The charge on the positive plate of C; is then 1.0 x 10°C. The charges on the 


positive plates of C; and C; are: 


1) g2 =3.0x 10° C and q; = 3.0 x 10°C 
2) q2=2.0x 10? Cand q3=2.0x 10°C 


C, | cp 


3) q22 50x10? Cand q3=1.0x 10°C 
4) q2=3.0x 10" Cand q3=1.0x 10*C. 
5) q2=1.0 x 10? Cand q3=3.0x 10°C 


2 
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[5 marks] A uniform magnetic field (B) in the direction out of the page, changes in time (f) as illustrated in 
the B-t diagram below. As a consequence, a charge (q) flows in a conducting circular loop according to the 
q-t diagram below. 


Determine: 
a) Direction of current in the circular conductor. Justify. [1 mark] 
b) Resistance in the circular conductor. [4 marks] 

Conducting Loop 


B (mT) 
e 
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3. [10 marks] Find the voltage V, in the circuit shown. 
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4. [10 marks] For the circuit shown: 
a) Find the Thévenin equivalent circuit as seen by load Ry. [8 marks] 
4kn 4kn 


12V (+) 


b) Optimize R, for maximum power transfer from the circuit and calculate the power dissipated in Ri. 
[2 marks] 
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5. [10 marks] The switch in the circuit shown below has been closed for a long time before it is opened at t = 0. 


t=0 lo 


a) Determine iz(t) fort» 0. [4 marks] 


b) Find i;(t) for t> 0. [2 marks] 


c) What is the energy stored in the inductor just before the switch opens. [1 mark] 


d) What percentage of that energy is dissipated in the 10 Q resistor a long time after the switch is opened. 
[3 marks] 
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6. [10 marks] 

Part a) For the AC circuit shown below, v,(t) = 20 sin(106 t 4- 1259) V, 

i) Redraw the circuit in the frequency domain and indicate the corresponding values of the phasor and the 
impedances. [3 marks] 


30 
v;(t) 
+ 
v(t) 4 uH 
1 uF 


ii) Determine the voltage across the inductor, v, (t). [2 marks] 


Part b) For the circuit shown below, the frequency is 1MHz. 
i) Determine the value of the impedance Z if the impedance seen by the source is purely real and equal to 1 Q? 
[2 marks] 


ii) How do you build such an impedance Z using circuit components? What are the valves of those components? 
[3 marks] 
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Qi [10 marks] 


(A) For the diagram shown below 


Eris i) Determine the electric field at location a. (2 marks) 
zw 
Sem | | 

i 


i : 
4 le Sem b 
t | 

Sem | 


' © anc 


ii) Find the electric potential at location a (1 mark) 


iii) How much external work is required to move a 0.5nC charge from location a to location b? (2 marks) 
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Q1 [10 marks] 
(B) In the following circuit, SW1 and SW4 are closed while SW2 and SW3 are opened for a long time. At t= 0, 


SW1 and SW4 are opened and SW2 and SW3 are closed. You may assume that the 10uF capacitor has zero 
initial charge. 


i) Determine the charge stored in each of the 6uF, 3uF and 4uF capacitors fort = 0" (2 marks) 


ii) Find the energy stored in the 10uF capacitor for t= oo (3 marks) 
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Q2 [10 marks] The following circuit consists of two parts that are magnetically coupled between: (Part A) a 
solenoid (10,000 turns, radius of 4.5 cm, and length of 20 cm) connected to time-varying current source (Is) 
and (Part B) a coil (750 turns, radius of 4 cm) placed within the center of the solenoid. The coil is connected to 
a resistor (R) and an inductor (L) in series. Assume all circuit elements are ideal. 


Part A | Part B 


i) Calculate the peak magnitude of the magnetic field (B) generated within the solenoid in (Part A) (2 marks) 


ii) Determine the emf induced in the coil and plot this variable from t = 0 to 800 ms (5 marks) 
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Q2 [10 marks] (the diagram has been reproduced below for your convenience) 


Part A | Part B 


iii) Using KVL, derive an expression for the current (i) in (Part B) in terms of emf, R and L. You may assume 
zero initial voltage for the emf. (3 marks) 
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Q3 [10 marks] For the circuit shown below I, is in mA. 


i) Find I, (8 marks) 


ii) What is the power delivered by the 10V source? (2 marks) 
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Q4 [10 marks] 


(A) Use the superposition theorem to find V, (5 marks) 
10 
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Q4 [10 marks] 


(B) For the following circuit, find the value of the load resistance (Ry) to ensure that the maximum power is 
transferred to the load. (5 marks) 


2000 1001, 
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Q5 [10 marks] An unknown DC circuit (without capacitors or inductors) is connected to a 10V voltage source, 
a 3KQ resistor and a 1F capacitor in series as shown. At t = 0. The switch is closed, and the current i(t) is 
plotted below. Find the equivalent circuit for the unknown DC circuit. 


3KQ  lpF 


0 4ms t 
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Q6 [10 marks] Find v,(t) 


10cosQt) =) 
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Question Mark 
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Q1 [10 marks] 


(A) For the diagram shown below 


i) Determine the electric field at location a (2 marks) 

4 | 3nC ea 

: 9.8x10? i — 1.9x10° j (N/C) 
Sem | | 
| 


t 


i ii) Find the electric potential at locationa (1 mark) 
4 |- Sem b 


298.5 (V) 
5em | iii) How much external work is required to move a 0.5nC charge from 
Y location a to location b? (2 marks) 
(=) -3nC 


-0.15 (uJ) 


(B) In the following circuit, SW1 and SW4 are closed while SW2 and SW3 are opened for a long time. At t = 0, 


SW1 and SW4 are opened and SW2 and SW3 are closed. You may assume that the 10uF capacitor has zero 
initial charge. 


SWI SW2 SW3 SWA 


t=0 


10V (+) 10uF OEN 


i) Determine the charge stored in each of the 6uF, 3uF and 4uF capacitors for t = 07 (2 marks) 
20 (uC) 
20 (uC) 


120 (uC) 


ii) Find the energy stored in the 10uF capacitor for t = oo (3 marks) 


195 (uJ) 
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Q2 [10 marks] The following circuit consists of two parts that are magnetically coupled between: (Part A) a 
solenoid (10,000 turns, radius of 4.5 cm, and length of 20 cm) connected to time-varying current source (Is) 
and (Part B) a coil (750 turns, radius of 4 cm) placed within the center of the solenoid. The coil is connected to 
a resistor (R) and an inductor (L) in series. Assume all circuit elements are ideal. 


R 
10 
- t (ms) 
l; =< o 
D 400 800 
-10 


Part A Part B 


i) Calculate the peak magnitude of the magnetic field (B) generated within the solenoid in (Part A) (2 marks) 


0.628 (T) 


ii) Determine the emf induced in the coil and plot this variable from t = 0 to 800 ms (5 marks) 


emf (V) 


0 400 800 t (ms) 


-24 


iii) Using KVL, derive an expression for the current (i) in (Part B) in terms of emf, R and L. You may assume 
zero initial voltage for the emf. (3 marks) 


it) =T a-et) 
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Q3 [10 marks] For the circuit shown below I, is in mA. 


6KQ 
EE 
I| 3KQ 


i) Find I, (8 marks) 1.5 (mA) 


ii) What is the power delivered by the 10V source? (2 marks) -18.75 (mW) 


Q4 [10 marks] 


(A) Use the superposition theorem to find V, (5 marks) -15 (V) 


(B) For the following circuit, find the value of the load resistance (R,) to ensure that the maximum power is 
transferred to the load. (5 marks) 180 (Q) 


2000 1001, 
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Q5 [10 marks] An unknown DC circuit (without capacitors or inductors) is connected to a 10V voltage source, 
a 3KQ resistor and a 14F capacitor in series as shown. At t = 0. The switch is closed, and the current i(t) is 
plotted below. Find the equivalent circuit for the unknown DC circuit. 


3KQ WF 


i) 


Unknown 
DC 
circuit 


A(t) 


Vin = 6 (V) 


Ra =1(kQ) 


Q6 [10 marks] Find v,(t) 


10cos(2t) 5V 


2H 19 40 
Tq EE 


-] + 2.5 cos (2t — 30.8?) + 2.3 sin (St + 10?) (V) 
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Q1 [10 marks] 


w 


d id V 


Figure | Figure 2 


a) For the parallel plate capacitor in Figure 1, write down an expression (no derivation) for the capacitance of 
this device if it is filled with a material of relative permittivity x and has the dimensions w, L and d. (1 mark) 


EqgwL 


C= 
d 


b) Calculate the capacitance for the device shown in Figure |, for w-5 mm, L-1 cm, d-1 mm and air filling 
the gap between the parallel plates. (| mark) 4.425 x I0 F 


c) If the air for the device in part b) is replaced with material k=10, what is the capacitance of the device now? 
(1 mark) 4.425 x 10°F 


d) What is the capacitance of the device composed of the parallel connection of the two devices described in 
parts b) and c)? (3 marks) 4.868 x l0 F 


e) What is the capacitance of the device shown in Figure 2, using the same dimensions as in part b) and K=10? 
What is the total energy stored in this device for V = 3 V? (4 marks) 


2433x107 F 
1.095 x 10! J 
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Q2 [10 marks] A wire loop is placed in close proximity to a semi-infinite wire, as shown in the diagram below. 
The wire forming the loop has a diameter of 0.5 mm. Each side of the loop has length, L=15 cm and is located 
at z=] mm from the wire. The current through the straight wire varies with respect to time as / (t) = 3000sin(2nt) 


Amperes. 
a) What is the direction of the induced emf in the wire loop between wire loop 
t—0.25stot = 0.3 s? (2 marks) CW direction 
TR 


r4 


b) If segments a and € of the loop have resistivity of 2x10“ Qm, and segments b and d have resistivity of 
1x10“ Qm, calculate the resistance of each wire segment. (2 marks) 


R,-R,-21500 
Rp = Rg = 75 Q 
e) What is the magnitude of the induced current in the wire loop at t = | s? (4 marks) 3.1 uA 


d) What is the peak power dissipated within segment d? (2 marks) 7.2x 10'° W 


Q3 [10 marks] Consider the DC circuit shown below 
1 6 kQ 2 


6 kQ 


a) Calculate the nodal voltages at node | and node 2. (6 marks) 


14.4 V 
-7.2 V 


b) Calculate the current /,. (1 mark) -1.2 mA 


c) What is the power dissipated in the 6 kQ resistor between nodes ! and 2. (2 marks) 


d) Is the dependent current source supplying or absorbing power? (1 mark) 


Supplying Absorbing C] 
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77.8 mW 
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Q4 [10 marks] 


a) Find the Thevenin equivalent of the circuit inside the box between nodes n; and n; as shown. (4 marks) 


Vi 78V 
Ra =4 kQ 


b) Consider the case of maximum power that can be transferred to the load. Using the obtained Thevenin 
equivalent circuit in part a) above, calculate R; and the maximum power. (6 marks) 


3kQ 
3mW 
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Q5 [10 marks] Consider the DC circuit shown in the figure below, where the switch has been at position A for 
a long time. At t = 0, the switch is moved to position B. 


V,—7 9.6 V 
R,=4 kQ 
R,=2 kQ 
R= 8 kQ 
L=0.8 H 
C=0.1 pF 


a) Find the expressions /;(t), /2(t) and is(t) for t > 0. (8 marks) 


it) = -32e 9000 mA 
i(t) = Q.ge 0000. A 
is(t) = -3.2x 10° e7500 + 0.8e0 A 


b) What are the energies stored in the capacitor and the inductor at t — 0? (1 mark) 2.05 uJ 0.256 J 


c) What are the energies stored in the capacitor and the inductor at t= oo? (1 mark) 0,0 
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Q6 [10 marks] The phasor current I, in the circuit shown is 2 / 0° A. 
5Q 


6 *j3.5 A 


a) Find the phasor currents Ip and I, and the phasor voltage Vy. (7 marks) 


j2.5 A 
8+j6 A 
140+j330 V 


b) If f= 60 Hz, write the expression for v, (t), and find the inductance and the capacitance. (3 marks) 


358.5 cos (377t+67°) V 
L=0.4H C = 66 uF 
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Q1 [10 marks] Circle the correct answer 


1. Which one of the following charge values cannot physically exist in nature? (1 mark) 
A) 64x10? C 
B) 64x10? C 
C) 0.16x10? C 
D) 112x10” C 


E) 112x10? C 


2. Which of the following lines follow the equipotential lines for the charges +Q and —Q shown? (1 mark) 
A) Line a 
B) Line b 
C) Line c 
D) Line d 


E) Linee 


3. What would the mass m of the sphere, which has a charge of (qi + q2), be for it to be suspended as balance 
due to the effect of the forces of charges ^q; and +q2? (2 marks) 


A) (qi + 92) qı q2 / 4er? 
B) (qi  q2)/ Anger 


C) qi q&2/ Aner” 


D) Balance will not be possible 


E) go / Ane? 
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Q1 continue. 
4. What is the capacitance of the system of cylindrical conductors shown in the figure? (1 mark) 
A) 27e L / (1 + In (b/a)) | 
B) In (b/a) 
C) 4ng, L / (b - a) 
D) 2ze, L / In (b/a) 
E) 1 - a/b 


5. If the capacitor shown in the figure is changed in length where L; = 7 L. What would the new dimensions of 
the cylinder be to maintain the capacitance of this system of conductors? (2 marks) 


A) bj/a; = 7 + (b/a) 
B) b»/a? = 7 (b/a) 
C) by/ay = In (7b/a) 
D) b»/a» = 1.9 (b/a) 
E) by/a; = (b/a)’ 


6. What is the capacitance of the system of spherical conductors shown in the figure? (1 mark) 
A) a/ (1- a/b) 
B) 4z£, ab / (b - a) 
C)l-ab | 
D) 42, ab / (1- a/b) 


E) 4n, (1- a/b) 


7. For the spherical system of conductors shown, what is the ratio of the energy stored in this system U 
compared to the energy stored, U» of the same system when b—o (i.e. U / Uj. )? (2 marks) 


A) 1-a/b 
B) 4z¢, (1 - a/b) 
C) b/ (1 — a/b) 


D) 4n&, / (1 - a/b) 


E) œ 
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Q2 [10 marks] Circle the correct answer 


1. The circuit, shown below, is in a uniform magnetic field that is directed into the page and is decreasing in 
magnitude at a rate of 1.5 x 10? T/second. What is the reading on the ammeter? (2 marks) 


10cm———— 


A) 0.15A 
B) 0.35 A 
C) 0.50 A 
D) 0.65 A 
E) 0.80 A 


50V 


2. The wire shown below carries a current i and contains a circular section with a radius r, and angle 1/2. What 
is the magnitude of the magnetic field at point P? (2 marks) 


gt 
A)B =” 
B) B = 2 
2r- 

C) B = 4 
4r 

— Hol 
DIESE 
— Hol 

E) B= 4 


3. A positively charged particle is initially at rest when a magnetic field is suddenly turned on. The magnetic 
field points along the z-axis. What is the direction of the net force acting on the charged particle? (2 marks) 
A) Along the x-direction 
B) Along the y-direction 
C) Along the z-direction 
D) In an arc in the xy-plane 


E) There is no net force acting on the charged particle 
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Q2 continue. 


4. Calculate the potential difference induced between the wing tips of an airplane with a wingspan of 64.67 m 
when it is in level flight at a speed of 913 km/h. Assume that the magnitude of the Earth's magnetic field is 
5.0 x 10 T, pointing downwards, towards the surface of the Earth. (2 marks) 


A) 82V 
B) 29.5 V 
C) 104 V 


D) 301 V 
E) 0.75 V 


5. A sphere of radius R is placed near a long, straight wire that carries a steady state current, J. The magnitude 
of the magnetic field generated by the current is B. The total magnetic flux passing through the sphere is: 


(2 marks) 
A) Hol 
B) =. 
C) 40 R? uol 
D) zero 


E) Need more information 
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Q3 [10 marks] For the given circuit diagram below, 


a) Use mesh analysis to compute I,. (5 marks) 
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Q3 continue. (Circuit diagram has been duplicated for yoür convenience) 
AEQ 2 kO 


] mA 


b) Use superposition to find the current in the 4 kQ resistor. Calculate the power absorbed by the resistor. 
(5 marks) 
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Q4 [10 marks] For the circuit shown 


a) Find the Norton equivalent circuit to the left of nodes C and D. (3 marks) 


Norton Equivalent Circuit: 
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Q4 continue. 


b) Find the Thevenin equivalent circuit between nodes A and B. Hint: use the results from a) (5 marks) 


Thevenin Equivalent Circuit: 


c) Ifaresistive load is connected between nodes A and B, what is the maximum power that can be 
transferred from this circuit. (2 marks) 


Pmax 
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Q5 [10 marks] The switch in the circuit is in position A for a long time before moving to position B att — 0. 


b) Find the expression for vc (t) for t > 0. (3 marks) 


"NN 
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Q5 continue. 


c) Determine the current in the inductor at t = 0*. (1 mark) 


ij (0*) = 


d) Find the expression for i (t) for t > 0. (5 marks) 
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Q6 [10 marks] 


V, (t) = Vo cos (@t+Do) c 


a) Redraw the circuit in frequency domain, clearly indicate the phasors, V, and I, and impedances for R, 
C and L. (2 marks) 


. b) Let Z = V,/ I, , show that the frequency for which Z is purely real, the so called resonance frequency, 


— . Determine A. (5 marks) 


is given by wọ = a 


A= 
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Q6 continue. 


c) Show that at the resonance frequency (o) the currents in the capacitor and the inductor are equal in 
magnitude but 180? out of phase from each other. (3 marks) 
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[10 Marks] 1. 
A cylindrical capacitor consisting of two coaxial cylinders of radius a and b (b>a) and length 
(L) where L>>b is shown in the Figure below. The inner shell has a total charge of +q and the 
outer shell has a total charge of -q. Fringing is neglected. 

Develop the following relationships in terms of a, b, and L for: 
a) Hlectric Field between two plates. 
b) Electric Potential (Voltage) between two plates. 
c) Capacitance of this device. 
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[10 Marks] 2. 
A square wire loop with 4 m sides is perpendicular to a uniform magnetic field with half the 
area of the loop in the field as shown below. The resistance of the loop is R = 4 Q and the loop 
contains a 20 V battery. The magnitude of the filed varies with time according to: 
B — (0.042 — 0.87t) (Tesla) 


a) Draw an electric circuit showing the loop resistance, induced emf, and the emf (voltage) 
from the battery. 
Determine: 
b) The magnitude of the induced emf in the circuit. 
c) The magnitude of the total (net) emf in the circuit. 
d) The magnitude of the induced current. 
e) The amount and direction of the total (net) current in the loop for the given R = 4 Q. 
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This Page Left Blank for additional work space. 
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[10 Marks] 3. 
Determine and draw the Thevenin's equivalent for the following circuit. 


R;26Q 2.I Volts R3= 10Q 


Pa 


V= 20Volts 
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[10 Marks] 4. 
Determine output voltage (v, (t)) for t > 0 in the circuit shown below. 
Note that the switch is closed at time t = 0. 


6A 
$8 Volt) 
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[10 Marks] 5. 
Consider the following circuit where 
i,(t) = 7 cos(100t) (A) 
i, (t) = 3cos(100t + 45 ) (A) 


a) Draw a phasor circuit and show the phasor values on the phasor circuit. 

b) Determine the v4(t) 

c) Draw a phasor diagram for source currents (i4, i5), capacitor and inductor currents, 
and the voltage (v4). 


-— 
100 50 mH in(t) HJ v(t) 1000 pF 
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UNIVERSITY OF TORONTO 
FACULTY OF APPLIED SCIENCE AND ENGINEERING 


| ECE 110H1 S -- ELECTRICAL FUNDAMENTALS 
FINAL EXAMINATION, APRIL 12, 2016, 9:30 am 


First Year -- Computer, Electrical, Industrial, Mechanical, Materials, 
and Track One Engineering Programs. 


Examiners — S. Aitchison, B. Bardakjian, A. Helmy, B. Wang and P. Yoo 


e=1.6x 10? C, £= 8.85 x 10? F/m, o = 4x x 107 H/m, g= 9.81 N/kg ) 
Ho 


NAME: 
(PLEASE PRINT) Family (Last) Name Given (First) Name 
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DURATION : 2.5 hours 

INSTRUCTIONS: e Answer all five questions. Put the answers in the boxes provided. 
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Q1 [10 marks] Circle the correct answer or answers 
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Q1.a. Consider 5, equal positive charges placed on the vertices of a hexagon with sides of length R, as shown 
in the figure below. What is the value of tbe electric field at the centre point, P? (2 marks) 


A)E- 


Q1.b. The charge distribution is modified by the inclusion of the charge of -5q and the bottom apex as shown 
below. What is the value of electrical potential at point P? (2 marks) 


A)V = 


B) V = 


C) V = 


D) V = 


E) V = — 


*qQe^ 


oe 
"s. 


". 


+q 
e... 
» 9+q 
RU 
ep | 
fa *4q 
Pd 


Page 3 of 11 


Q1.c. Consider the cubic, closed Gaussian surfaces shown below. Which of the following situations has a zero 
net flux through the surface? (2 marks) 


Gaussian 
Surface 


Q1.d. Three capacitors are connected together in the circuit shown below. What is the total energy stored in 
the capacitors? (2 marks) 


A)icy? 
2 

B)=CV? 

C)=cv? 


D)=cVv 


E) = CV 


Ql.e. An electron is placed mid-way between points A and B. The potential at point A is + 10 V, the potential 
at point B is -10 V and the potential at the midpoint is OV. The electron will: (2 marks) 


A) Not move since V =0 

B) Move towards point B with constant velocity 
C) Accelerate towards point B 

D) Move towards point A with constant velocity 


E) Accelerate towards point A 
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Q2 [10 marks] A single current loop, shown in the figure below, is exposed to a spatially uniform magnetic 


field B — =~ sin(2nt) tesla into the page as shown, where f is time in seconds. 


XXXXXXXXXXXX 
XXX XXXXXXN3OXX 


>< 
m 
> 
> 
x 
>x 
s 
sl 


'Q2.a. Find the magnetic flux ®g passing through the wire loop as a function of time if the wire loop is à 
square in shape with dimensions 3 cm x 3 cm. (2 marks) 


A) p = 2x 107 sin(2nt) Wb 


B) Pp = 5 x 1074 cos(2zt) Wb 


C) $5 ==sin(2nt) Wb 


D) dp = 299^ sin(2nt) Wb 
E) dp - 2327 sin(2nt) Wb 


Q2.b. Determine the magnitude of the emf generated in the wire loop. (2 marks) 


A) emf = 4 x 1074 cos(2nt) V 
B)emf =0V 


C) emf =5 x 10* cos(2nt) V 
D) emf = 2399 sin(2nt) V 


.E) emf = —tan(2nt) V 


Page 5 of 11 


Q2.c. If the loop is connected to a 10 O resistor as shown in the figure below, what is the direction of the 


induced current in the current loop between i) £ = 0.0 s to t= 0.25 s and ii) t = 


current is clockwise (CW) or counter clockwise (CCW). (2 marks) 


A) i) CW and ii) CW 
B) i) CCW and ii) CCW 
C) i) CW and ii) CCW 


D) i) CCW and ii) CW 


XXXXXXXXXXXX 
X XPOOOOOOCIX X 
XXXXXXXXX Xxx x 
X XIX XXX KX X NIX X 
POO OY 


100 


0.75 s to t= 1.0 s. Indicate if the 


Q2.d. Calculate the magnitude of the force on the top branch of the wire loop, if the loop is connected to a 10 
resistor and the wire loop is a square in shape with dimensions 3 cm x 3 cm. (4 marks) 


A) F = 4 x 107’sin(2nt) cos(2nt) N 

B)F= = x 10745sin(2nt) cos(2nt) N 
C)F ==x 107 cos(2nt) cos(2nt) .N 
D)F- = x 10 "sinQnt) cos(2nt) N 


E) None of the above 


X XXXXXXXXXXX 
X XPX XXX XXX MX X 
X XPX XX XXX XX X 
XXIX XX XXX X MX X 
eg SaaS, 1s 
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Q3 [10 marks] For the given circuit diagram below, 


Q3.a. Using nodal analysis, find the voltage between nodes A and B. (5 marks) 


VAB 7 
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Q3 continued. (Circuit diagram has been duplicated for your convenience) 


Q3.b. Find the Thevenin equivalent circuit between nodes A and C. (4 marks) 


Thevenin Equivalent Circuit: 


——e A 


Q3.c. If a resistive load is connected between A and C, what is the maximum power that can be transferred 
from this circuit? (1 mark) 
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Q4 [10 marks] The parallel RL circuit is excited by the current source, is(t) as shown. Assume that the initial 
energy stored in the inductor is zero. 


> t(us) 


Q4.a. Determine and sketch the inductor current, i, (t). Indicate the current values at / = 0 and at £ = 100 us. 
(3 marks) 


i) 


t(us) 
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Q4 continued. (Circuit diagram has been duplicated for your convenience) 


Q4.b. Calculate the inductor voltages at £ = 0+ and at £ = /00 us, and sketch the inductor voltage, v; (t). 
(7 marks) 


v, (t) 


t(us) 
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Q5 [10 marks] Given the following circuit. 


10 kQ 


10/0° V | 


'Q5.a. Determine the open circuit voltage phasor (Voc) for the Thevenin equivalent circuit as seen from the 
load (Z1). (7 marks) 


Q5.b. Determine the Thevenin equivalent impedance as seen from the load (Z1). (3 marks) 
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Q1 [10 marks] Circle the correct answer or answers 


Ql.a. Consider 5, equal positive charges placed on the vertices of a hexagon with sides of length R, as shown 
in the figure below. What is the value of the electric field at the centre point, P? (2 marks) 


B)E = HF) - 

= 

O£- Hj udo a) 

Qz- = . {) +q " (S) 

E)E= l 

snb Oak © Cmk (equa eot o distouva 


— (3) pu shen clown > ele t » denied so ~ 


Q1.b. The charge distribution is modified by the inclusion of the charge of -5q and the bottom apex as shown 
below. What is the value of electrical potential at point P? (2 marks} 


= 2 8 
A) 4mey R +q 
i p e "s "v. 
LN. a ^ 
B)V= 4ri£o R +q” ` +q 
H " t 
(o ] R^ 
pes EE M 
I. 3 +q | i 
Ir = Amto R? a e... p +q 
Me P E 
EE Wi ij r^ 
E) iin 4m&o R? -5q 


Points ad up, [inesechie ot diva 
olea. dr add E Positive za E. 


Hower, Mn adds Charge des cus " " 
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Q1.c. Consider the cubic, closed Gaussian surfaces shown below. Which of the following situations bas a zero 
net flux through the surface? (2 marks) 


Q1.d. Three capacitors are connected together in the circuit shown below. What is the total energy stored in 


the capacitors? (2 marks) “et & m ' ko. ers ' you T Id 
the avalat Capozdwnte. ond 


A)5CV? i " 
3 C/2 then aie 3 ev? to Bud ded 
B)2cv? ™ 
5 CD Combing pode Xr C= 3C 
y? " 
(ope on ZA Combo. Senes naw. 
D)3cy A. ac Can? LT. y 37-4 
gà Fe 
E) CV : 


= g & E e 
à A oy2 = J 3 cy? 2 E 2) 
in es D @ 207» 189 «(Ron 
Not Rud 4o kus bub yp Ca^ prove Ws usma 
QI.e. An electron is placed mid-way between points A and B. The potential at point A is + 10 V, the potential 4 soma 
at point B is -10 V and the potential at the midpoint is OV. The electron will: (2 marks) ASENDA 


A) Not move since V =0 (D f'oledro exóls kh thy 
'B) Move towards point B with constant velocity sustem, Ths flats, Gy Sade 
[on existe dose ov Chua 
ccelerate towards point A vill hue a fre a d. 

Fone mp les accgheraten. 

C) Poske champs go Res Wah de 
Low 4 often ead . hes MOUs Negen 
ages vs} Qe Rom low 
by k. 2 OV t lov. 


E 
4g 


C) Accelerate towards point B 
D) Move towards point A with constant velocity 
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Q2 [10 marks] A single current loop, shown in the figure below, is exposed to a spatially uniform magnetic 


field B = = sin(2nt) tesla into the page as shown, where f is time in seconds. 


XXXXXXXXXXXX 
XXX XX KKK KM X 


'Q2.a. Find the magnetic flux ®g passing through the wire loop as a function of time if the wire loop is a 
square in shape with dimensions 3 cm x 3 cm. (2 Bon 


A) 6s = 2 x 1075 sin(2nt) Wb 
B) s = 5 x 107* cos(2at) Wb 
C) 6; ==sin(2nt) Wb 


D) dp = zari sin(2nt) Wb 


= 210" nmt) Wb 


Yo knew QAM 
lenco "m 


t dan + AQ ok 
Aus wks, “Just : 
N »asSaoo alec gak Peas 
yr SK (e. 49 


Co sioe X [UN 


is 


iS a 
Certain S 


(9v — 4X 107* cos(2nt) V 


B)emf =0V 
C) emf = 5 x 10* cos(2nt) V 


zx107* 


D) emf =——sin(2nt) V 


_E) emf = M tan(2nt) V 


n 


Ares = T Bem = (eos o3" 
APEE (s. 


Big) -ds tor 
Chix 


€) - 
=> Z Sml NÐ- Kalom 
aw 


= 
en 


a 


«oll 


I xiv 4? 


wie? Wea, Same as D 


eA t 
nob 


) 


- ae (20) xto7*. | 


a tase 


(ANDA " 
t Q2.b. Determine the magnitude of the emf generated in the wire loop. (2 marks) 


= = ab, 


e| 


dX 
pum 4 ] dx oe Sm oo | 
= =j 


m « 
UX 


- 4. xl ^ Fn cos(Qu&) 


fe = 4 xl 


AT Ces (2«€) 


s" Cos (Ort) | 
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Q2.c. If the loop is connected to a 10 Q resistor as Shown in the figure below, what is the direction of the 
induced current in the current loop between i) £ — 0.0 s to t= 0.25 s and ii) f= 0.75 s to t= 1.0 s. Indicate if the 
current is clockwise (CW) or counter clockwise (CCW). (2 marks) 


XXXXXXXXXXXX 
XXX XX XX XX MX X 
(sy 5 cow and ii) CCW XXNXXXXXXXXNXX 
XXIX XX XXX XIX X 

C) i)CW and ii) CCW X XIX XX XX X X MIX X 


A) i) CW and ii) CW 


D) i) CCW and ii) CW 


- Y " : 
Aw "wee tz O 3 = des 100 


PROSE 


Tkg va By lezs Raw ; Smee oe as greasing " the 

lop Al woe fo cowe — Cuyo hab wli eme 
OL magnete eld Week ll oppose me applied 8. (è gpk 
| or Sako page, Co ouk) : By RHR a Ër rop, Hha 
Wrens Cow 


Q2.d. Calculate the magnitude of thé force on the top branch of the wire loop, if the loop is connected to a 10 
Q resistor and the wire loop is a square in shape with dimensions 3 cm x 3 cm. (4 marks) 


A) F = 4x 10 7sin(2nt) cos(2nt) N XXXXXXXXXXXX 
B) F = Zx10-sin(2mt) cos(2nt) N 
C)F= = x 107? cos(2nt) cos(2nt) .N 

) Fe =x 10~7sin(2nt) cos(2nt) N 


E) None of the above 


LEM 


I> ler ] = Q xlo"t cosl 

R JOR 3 

- FE. | 
rad - Sv lOc) “Teste. 


jFl = MkM . Bylo cos(Iad - = smlout) "A | 
^ | 


E 


$ KO? Spal Set) Cos (Ont): : 
IT | 
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Q3 [10 marks] For the given circuit i unas below, 


| 
| 
| 


Note curet 
olwrechrans . 
$ed Mase 
Whatever 
uso . 
is somewhere 
Q3.a. Using nodal analysis, find the voltage between nodes A and B. (5 marks) à Fa ark : C Pais q wesh, 
hi 1 dins P 
= Vy. . _ 5i y MEEGA . 
Q Vas - i 
Do analysis Ost . 


| 
-mA -h 62$ D Wama W | af 


. > ~ (Va -Vg) (X. Nie) = =) > a +INg ~ “Ye #2. (D 
Do onalasis on Supernode. 


weeg -d1,-d 9 Vero V. ^V, 


Veo "s 


Va 740 VV, 
zm y RO c 7 
" | = AA -2Vg 42. Fo 2 Vas Vs Ve — S. C 
alent 
dep Soe, V, wi n 2 9 Vs. - We 
2 V, We €» 
Solve (D, A © > Vas av 
Ve c gw Vag Vals 2v, 
We a 3 yv 
Y 
U Seg) Vin Jb à 
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Q3 continued. (Circuit diagram has been duplicated for your convenience) 


A BU A RV, s 


Mons Mia A (s - vhs dk, 

Afar treat Vor Vo. C 5 1 

io Ye bewen Uy“ is y ia Ws 

A od C. i O Euv pot (re Ser - 
A 3a . 


Q3.b. Find the Thevenin equivalent circuit between nodes A and C. (4 marks) 
de Sod Views aquivarerry We Aeee 
Voc = View Ra, Ry Ye 
—— á——— 


E Era 
— iísc 


Voc 1s WM Vac m dau Cage. — Hover 
Lot Know fom Za Wer Vos BV, So 


e loop oala sis 


(D g-U 2 QWwA. leunen Soure). [ele i 4 


ei xz ~ thot. | L » Lat Lans 
|? Rep  -369 D 4 su) 4 Us (y= d Yo qe 


Ze Q»9*u-u-g. Qs | 

2) $epecmash — Ortu fish 3 É. A Lg Ol 
2 -3(-4en) + t s- uy toz d C3 = mA 
r t» Ti. M. Ms -(o. e . ty > D 


> Roop 4: 
—i8 = Gy -iD Ue = $ —(D-ià =o. Cse Dus 


; Q3.c. If a resistive load is connected between A and C, what is the maximum power that can be transferred 
| from this circuit? (1 mark) 


i + 
f. = ky = RO zn. es) Ay FON 35UL- 3f, otro 
YR 2 V? - i. (4.sv)* p gr " 
R TN BEST = [nud V ass A D hk i 


V, a 74292. 


ees geet _ Do Neo TE 350 á 4. 
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Q4 [10 marks] The parallel RL circuit is excited by the current source, is(t) as shown. Assume that the initial 
energy stored in the inductor is zero. 


vt) 


Q4.a. Determine and sketch the inductor current, i; (t). Indicate the current values at / = 0 and at £ = 700 HS. | 
(3 marks) 
| 


D epote ^ 2 l 0 | 
sube. Viet de MQ 1 O 
Currents © ko Apo Ond. GA. 

oft ok drops Vd x 
(Qs ke keit 
welur > 20 AO cure. |o 


t(us) 


© lo Å SMH At = 00, ‘becomes sho cond 2) 
20, iz bA because We maio 
wl be jore va CARN . 


i ws ; -É (2) A 
i-e SO ii, = ktk, et =) k= el) - Kk, 


= (€ -J0 
TES di = SUZ, L= Smt 
=) H= (o d (f : ! ) ka = "fo. 


68 Joe Ue | Cru. geoph bo looms). 
e P" 231 Carat do pates 
CL (co) =, LUD (Clog = G,31A 

> i2 63e'€ — j e” 


; B 
i 3 : : 
nist — besladhaa, 


f 
-It 
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Q4 continued. (Circuit diagram has been duplicated for your convenience) 


is tig t4 = 
L dili ee 
= Ta = tse te 


|i. 


" tus) 
NM 
Q4.b. Calculate the inductor voltages at ¢ = 0+ and at £ = 100 us, and sketch the inductor voltage, v, (t) | 
(7 marks) , ; | 
Axporo Ww» 9. pes as welll. 
CO- We | - "Oc ' (> | 
ine VE = ey 5n Soov o ( | 
> ML- = (e. 
Ve x = Wee T 
= SON, (i5 - uD. focal i f ge Co. 
= So(lo- fot y) t(us) 


— Up ^ Tope Wome . 

(0 i 
e m h -Bits 
Wis [odye) = 500e -ppoe — = [83.4y. 


(>: ensis Soure., 
|V VRE =5os i | Vez -50s Py due Onadysin en Wis Jap. 
Etim Zy PII PIH fact i fom pat 2. 


=> UAE So(6. 3e ~svve(t- da 


— 


= Abe Peri Lodo). 
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Q5 [10 marks] Given the following circuit. 


-j2 kQ *4 -j4AkO 


'Q5.a. Determine the open circuit voltage phasor (Voc) for the Thevenin equivalent circuit as seen from the ! 
| 


load (Z1). (7 marks) š k sd - 
Nac is vol Qr v55 Se T TA. Var $0341 1 


Use Brog aval sis by fmd currents. 
Lt? |: 2o -JA hn) & Jua kig. 
= nu 4 L +33{t, -t0 
oP a hy a CY) -gh(u-ni- y. * 
>) L'o- Flu Bali =g Solve amres, 
= 5 . otso droge are m mÅ. 


— L E 
3 ! xia 2i - V - j - 
£350) "NR. 2 


3. 2 V. 


L.e Fy * gei | | 
Tes = o] Wes 45k] F ES - sud T 43.2 V. 


Q5.b. Determine the Thevenin equivalent impedance as seen from the load (Zr). (3 marks) 
Zn 7 3 i4 -JARE 


=) % = lo ll p" TEEN 


-p Nu 44,85 RS 
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Q1 [10 marks] Electrostatics 


(a) [2 marks] The figure shows the cross section of a metallic shell with inner radius Tin and 
outer radius Tout. The shell is made of perfect metal and is charged with the total charge of -8 
nC. A positive charge of +3 nC is placed at the center of the shell. Circle the correct statement 
regarding the charges appearing at r = Tin, Tin < T < Toys, andr = Toye. 


i) Charges at r = Tin, Tin < T < Tout, and r = Tout are 
respectively, +3 nC, 0, and -5 nC. 

ii) Charges at r = Tin, Tin <T < rg; and r = Tout are 
respectively, -3 nC, 0, and -5 nC. 

iti) Charges at r = Tin, Tin <T < Touts and r = Toyz are 
respectively, -3 nC, +3, and -5 nC. 


iv) Charges at r = Tin, Tin < T < Tout, aNd r = Tout are 
respectively, -3 nC, 0 and -8 nC. 


(b) [2 marks] The figure shows a static electric field, E. An electron (e^) moves from the 
position marked (7) to the position marked (f). Circle the correct statement regarding the potential 
energy (U) and electrostatic potential (V) of the electron. 


i) Potential energy (U) has increased, but electrostatic potential (V) has decreased 
ii) Both potential energy (U) and electrostatic potential (V) have decreased 
iii) Potential energy (U) has decreased, but electrostatic potential (V) has increased 


iv) Both potential energy (U) and electrostatic potential (V) have increased 
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(c) [2 marks] A dielectric with k — 4, is inserted into a parallel plate capacitor such that it fills 
1/3 of the space as shown in the figure below. If the capacitance of the parallel plate capacitor 
before the dielectric was inserted was C, what is the new value of capacitance. 


i) 0.5C 
ii) 0.75 C 
iii) C 

iv) 2C 
v)6C 


(d) [2 marks] Consider the two infinite sheets of charge, separated by a distance d shown below. 
Each shee: has a charge density of + c. A point charge of + 2Q is placed at a distance d, above 


the top sheet. Which expression describes the electric field at point A, midway between the two 
sheets. 


e +2Q 


d 
+O 
d oA 
TO 
TEES 
Ve l 
ii) E = 
Tr 1 8Q 
lil) E — 7 
ey te 
Bye 9d? 
)EZ £4.99 
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Q1 continued 


(e) [2 marks] Consider a capacitor of length L that is composed of two concentric conducting 
cylinders with radii a and 5 as shown in figure below. Which of the following is the correct 
expression for the capacitance of these two cylinders? 


i) C = 2n&Ln(2) 

i) C = VQ 

ii) C = 2 1 

iii) C TEL muon © 
1 

2T£gL 


iv) C = Ln (5) 


vC = 2ne,L—a 


in(;) 
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Q2 [10 marks] Magnetic Fields 


(a) [2 marks] Consider two wires, carrying currents i and 4i out of the page as shown in the 
figure below. 


YA 
i 4i 
— Qoo eee 


The wires are separated by a distance of d= 5 cm. At what position is the magnetic field zero. 


i) (-1 cm, 0) 
ii) (1 cm, 0) 
iii) (4 cm, 0) 
iv) (2 cm, 0) 
v) (2.5 em, 0) 


(b) [2 marks] For the two long straight wires carrying currents i; and iz respectively as shown 
below, which one of the following represents the expression for the magnetic field at the origin. 


a Hol2 + 
pore 


ss) Holt 4 
Y ——À 
i) 2nd, J 


Holz em Holt ^ 


iii l 

) 2ndz 271d4 J 

e n Holi a , Hol2 a 

IV) —— i dd 
ors Pu d 


) Hote î Holi 4 


v 
21d; 21td4 J 
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Q2 continued. 


(c) [2 marks] The schematic in the figure below shows the cross-section of a metallic wire with 
a radius R, which carries a uniform current /, out of the page. Which of the following is an 
expression for the Magnetic Field, B at a radius, r « R ? 


- i 
i B= Har 
oer 
T Hol 
ii) B = r( ) 
) 21 R2 
eee Hot 
iii) B = 
) 2nr? 
$ 2nir 
iv) B = — 
R 
2niR? 
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Q2 continued. 


(d) [2 marks] The uniform magnetic field B as shown below, changes over time according to the 
following equation: B(t) — sin (21t) where B is in Tesla and ¢ is in second. Which of the 


following is the magnetic flux (Pg) as a function of time, which passes through a 1 cm x 1 cm 
square-shaped wire loop. 


906580679 
p We loop 
® |o o BB] ® 
® 189 6 8| ® 
o [o OG ®| ® 
o © o0 G 


i) bs = (=) 1075 sin 2nt) 
ss 1 

ii) Pp = (—) cos (2nt) 
iii) b; = (=) 1075 cos(2nt) 
iv) Dp = — (=) sin (2nt) 


2007t 


1 um 
v) z = (—) 10^?cos (2nt) 


(e) [2 marks] Consider the wire, which carries a current of 2i as shown in the figure below. 
What is tae magnitude of the magnetic field at point P? 


pp Hel 
DB 2r 
i) B= Mel 
ii) B = T 
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Q3 [10 marks] 
Consider the following circuit below, 


2kQ 


Mi e | Circuit 
B 


Z 
5mA 


(a) [4 marks] Find the Thévenin equivalent of circuit A 


Thévenin Equivalent Circuit: 
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Q3 continued. (Circuit diagram has been duplicated for your convenience) 


2kQ 


2kQ- 


2kQ (TE eV < 
GD Circuit 
Et Se (IY. A 
Co i e o. | Circuit 
B 
dk 1kQ dq aV 
EN 
C2 
5mA 


(b) [4 marks] Find the Thévenin equivalent of circuit B 


Thévenin Equivalent Circuit: 


(c) [2 marks] Determine R; that yields maximum power transfer from all sources in circuits A & 
B 


R, = 
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Q4 [10 marks] 
Consider the following circuit below, the switch is in position A for a long time. At t = 0, the 
switch is moved to position B. 


10 10 50 30 
; A B 
be „r * 
+ vít) 
+ 


1A Q | 02F vett 10V Bx 3n 


60 80 
(a) [6 marks] Derive the function v«(t) for t > 0. 
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Q4 continued. (Circuit diagram has been duplicated for your convenience) 


10 10 50 30 
e" B | 
* S + 
: + wq) 7 
+ 


02F Velt) 10V ce » 30 


60 80 


(b) [4 marks] Derive the function v(t) for t > 0. 
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Q5 [10 marks] 
Consider the following circuit below, 


Where v, (t) = 10 sin(200t) in V, and i,(t) = 5cos(200t) in mA. 


(a) [2 marks] Compute the contribution of the DC voltage source to the output voltage v; (t). 
HINT: Use source superposition to compute v, (t) 


(b) [2 marks] Compute the impedances. 
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Q5 continued. (Circuit diagram has been duplicated for your convenience) 


5H 10V 


Page 14 of 14 


Page 1 of 14 
UNIVERSITY OF TORONTO 
FACULTY OF APPLIED SCIENCE AND ENGINEERING 


ECE 110H1 S -- ELECTRICAL FUNDAMENTALS 
FINAL EXAMINATION, APRIL 23, 2018, 6:30 pm 


First Year -- Computer, Electrical, Industrial, Mechanical, Materials, 
and Track One Engineering Programs. 
Examiners — S. Aitchison, B. Bardakjian, M. Mojahedi, B. Wang and P. Yoo 


e= 1.6 x 107? C, £ = 8.85 x 10? F/m, uo = 4n x 107 H/m, g = 9.81 N/kg ) 
Ho 


NAME : 
(PLEASE PRINT) Family (Last) Name Given (First) Name 


STUDENT NUMBER : 


EXAMINATION TYPE : . D (Students may use a single double sided 8.5" x 11" aid sheet) 
CALCULATORS: Casio FX-991 (EX, EX Plus, or MS), Sharp EL-520 (X or W) 
DURATION: 2.5 hours 

INSTRUCTIONS: «+ Answer all five questions. Put the answers in the boxes provided: 

e All work is to be done on these pages. Show steps, compute numerical 
results when requested and state units. Write down any assumption made. 

e You may use the back of each page. 
e Last blank page may be removed for rough work. 


po 
po? | 
oloo o 
os 
pos | 
ptt | 


Page 2 of 14 


Q1 [10 marks] Multiple Choice Questions Section 1 
Circle the correct answer for each part. 


(a) [2 marks] A long wire carries a current, i, as shown in the figure below. An electron is 
launched parallel to the wire with à velocity, v as shown. Which of the following statements is 


true? 


d. 


e. 


The electron moves in a straight line parallel to the wire. 

The electron moves in an arc towards the wire. 

The electron moves in ar arc away from the wire. 

The electron slows down and continues to move parallel to the wire 


The electron speeds up and continues to move parallel to the wire 


(b) [2 marks] Three charges are placed on the corners of an equilateral triangle, as shown below. 
Which expression describes the electric potential at point P, at the center of the triangle? 


(Hint: Cos 30 = Ê ) 


q3 
3 
qi q2 


V=0 


¥3 


4NEgd 


(q1 + q2 + q3) 


_ v3 

V = Fee (11 + q2 + q3) 
3 

= Grea (41 + 92 + 93) 

43 


4T £gd 


(q1q2 + q1q3 + q243) 
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Q1 continued 


(c) [2 marks] The parallel plate capacitor show in the figure below consists of two plates of area 
A, separated by a distance d. The capacitor contains two slabs of dielectric material, with equal 
thickness, with dielectric constants K1 and K2. Which of the following expressions for the 
capacitance is correct? 


= EA 
a C= d 

_ £04 (Ky * Kg 
b C= d (a) 
c C= =f CK, K3) 

— ŽEoA f Ku 
d C= d (ae) 


e C= 9*( +K) 


(d) [2 marks] Figure shows three very long and thin wires carrying currents: I, Ip, and I, (I, is 
not shown on tbe figure). If d; — 2 d, and wire (b) experiences no force due to the currents, 
what should be the direction of I, and the ratio /,/ I4? 


Wire Wire Wire 
(a) (b) (c) 


a. I, flows from the bottom to top with I,/I, = 0.5 
b. I, flows from the top to bottom with I,/I_ = 0.5 
C. I, flows from the bottom to top with I,/I, = 2 


d. Ie flows from the top to bottom with I,/Iq = 2 
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Q1 continued 


(e) [2 marks] A closed sphere, radius R, is placed close to a long wire, current carrying a 
current, i. Which expression describes the magnetic flux through the sphere. 


a. Hol 
Hoi 
b (41 R7) 
c. 4nR?y,i 
d. 0 
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Q2 [10 marks] Multiple Choice Questions Section 2 
Circle the correct answer for each part. 


(a) [2 marks] A closed loop of wire, with total resistance, R, moves with constant velocity v, 
parallel to an infinity long wire which carries a current i, as shown below. Which of the 
following is true? 


o C23—— 


-— AT 


a. The current induced in the wire is in the clockwise direction. 
b. There is no current induced in the wire. 
c. The current in the wire oscillates between clockwise and anti-clockwise 


d. The current induced in the wire is in the anticlockwise direction. 


(b) [2 marks] Voltage across an inductor, L = 2 [H], is given by 
For -~ < t < 0 [s], v(t) = 0 [V] 

For 0 <t < 10f[s], v(t) = 6t? [V] 

For 10 < t < œ [s], v(t) =0[V] 


Circle the correct value of the current at t = 4 [s] 


a. 18 [A] 
b. 128 [A] 
c. 64 [A] 
d. 56 [A] 


(c) [2 marks] Consider the Kirchoff Voltage Law (KVL) and Kirchoff Current Law (KCL). 
Circle the correct statement below. 


a. KVL isa statement of conservation of charges and KCL is a statement of conservation 
of energy. 


b. KVL isa statement of conservation of energy and KCL is a statement of conservation of 
charges. 


c. KVL isa statement of conservation of volume and KCL is a statement of conservation 
of current. 


d. None ofthe above. 
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Q2 continued 
(d) [2 marks] Circle the correct statement. 
‘a. Fora capacitor, both voltage and current must be continuous functions of time. 


b. Fora capacitor, voltage must be a continuous function of time; however, current can be 
a discontinuous function of time. 


c. Fora capacitor, current must be a continuous function of time; however, voltage can be 
a discontinuous function of time. 


d. None ofthe above statements is correct. 


(e) [2 marks] Considering the voltage across and current through a capacitor in an AC circuit, 
circle the correct statement. 


a. Current leads the voltage by 90 degree. 
, b. Voltage leads the current by 90 degree. 
i c. Current and voltage are in phase (neither leads or lags the other). 


d. None ofthe above. 
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Q3 [10 marks] 

Consider the following circuit under DC conditions, where independent voltage (5 volts) and 
current (2 mA) sources are used to deliver electrical energy to multiple circuit elements. There 
are 2 switches (sw1 & sw2) that can be independently controlled to be in either the open or 
closed position. 


2 ko 1 kQ 1 mH 


(a) [4 marks] When sw] is closed and sw2 is open, as shown above. Determine R, such that 
maximum power is transferred to the load resistor. Assume R = 10 kQ.. 


R; = 
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Q3 continued. 


2 kQ 1kQ 1 mH 


(b) [2 marks] In the case where sw] is open and sw? is closed, shown above, determine the 
value of a replacement resistor, R such that the power dissipated by this resistor is equal to the. 


power dissipated by R; in part (a). (Use the same value of R; ) 
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Q3 continued. 


2kQ 1kQ 1 mH 


SW2 
2k0 S 1ko : R 
AA 


Wi, 
3 uF 2 mA 


(c) [4 marks] If both sw1 & sw2 are closed, determine the Norton equivalent circuit that would 
allow maximum power transfer to a given R. Assume R = 2 KQ.. 


Norton Equivalent Circuit: 
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Q4 [10 marks] 
A pulse voltage source v, (t) is applied to the series RC circuit shown below. 


10kO 


vs(t) 


ict) 
V(t) 20UF== v, (t) 


t in seconds 


(a) [6 marks] Determine the capacitor voltage v, (t). 
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Q4 continued. (Circuit diagram and pulse diagram have been duplicated for your convenience) 


10kQ : 
vs(t) 


t in seconds 


(b) [2 marks] Determine the capacitor current i, (t). 


(c) [2 marks] Determine the energy stored in the capacitor at t, = 1+ t and t; = 2+ t, where 
tı, & t; are time in seconds, and r is the time constant of the circuit. 
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Q5 [10 marks] 
The circuit shown below is operating in the sinusoidal steady state with 
v(t) = 50cos(2000t — 20°) V and i(t) = 0.5 cos(2000t) A. . 


500 i(t) 


(a) [1 mark] Draw the circuit in the frequency domain, indicating all phasors and impedances. 


` (b) [4 marks] Find the phasor voltage, V, and the phasor current, I r 


V, = L = 
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Q5 continued. (Circuit diagram has been duplicated for your convenience) 


500 i(t) 


(c) [1 mark] Determine the impedance of the elements in the rectangular box. 


Z, = 


(d) [4 marks] If the elements in the rectangular box can be modeled as a resistor connected in 
parallel with a capacitor, find the values of the resistance and the capacitance. 


R= C= 
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Q1 [10 marks] Multiple Choice Questions Section 1 
Circle the correct answer for each part. 


(a) [2 marks] A long wire carries a current, i, as shown in the figure below. An electron is 


launched parallel to the wire with a velocity, v as shown. Which of the following statements is 
true? 


a. The electron moves in a straight line parallel to the wire. 
The electron moves in an arc towards the wire. 
Qu. electron moves in an arc away from the wire. 
d. The electron slows down and continues to move parallel to the wire 


e. The electron speeds up and continues to move parallel to the wire 


(b) [2 marks] Three charges are placed on the corners of an equilateral triangle, as shown below. 
Which expression describes the electric potential at point P, at the center of the triangle? 


(Hint: Cos 30 = Ê ) 
2 


q3 


6 V = (q1 + 42+ 43) 


ATMEgA 


PESE 
c bor: (q1- q2 + q3) 
3 
d. V = ee (G1 + 92 + 93) 
e. V =- (q1q2 + 9193 + 9293) 


AME gd 
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Q1 continued 


(c) [2 marks] The parallel plate capacitor show in the figure below consists of two plates of area 
A, separated by a distance d. The capacitor contains two slabs of dielectric material, with equal 
thickness, with dielectric constants K1 and K2. Which of the following expressions for the 
capacitance is correct? 


po 


às 


EA 

a C= E 
_ EvA ( Ky Ko 
b C= d (=) 
c C= “0° (K, K3) 


i we S804 f KRE 
(«y ~ d (Se) 
e C= &* (Ky +K) 
(d) [2 marks] Figure shows three very long and thin wires carrying currents: Iq, Ip, and Ie (Ie is 


not shown on the figure). If d; = 2 d, and wire (b) experiences no force due to the currents, 
what should be the direction of I; and the ratio le/la? 


Wire Wire Wire 
(a) (b) (©) 


a. I, flows from the bottom to top with I,/I,g = 0.5 
b. I, flows from the top to bottom with I,/Iq = 0.5 
O I, flows from the bottom to top with 1,/I, = 2 


d. I, flows from the top to bottom with I;/I; = 2 
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Q1 continued 


(e) [2 marks] A closed sphere, radius R, is placed close to a long wire, current carrying a 
current, i. Which expression describes the magnetic flux through the sphere. 


a. Hoi 
Hol 
b (4r R2) 
c. A4nR?u,i 
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Q2 [10 marks] Multiple Choice Questions Section 2 
Circle the correct answer for each part. 


(a) [2 marks] A closed loop of wire, with total resistance, R, moves with constant velocity v, 
parallel to an infinity long wire which carries a current i, as shown below. Which of the 
following is true? 


V 
| E 


eorne SIDE 


a. The current induced in the wire is in the clockwise direction. 
( b) There is no current induced in the wire. 
c. The current in the wire oscillates between clockwise and anti-clockwise 


d. Thecurrent induced in the wire is in the anticlockwise direction. 


(b) [2 marks] Voltage across an inductor, L — 2 [H], is given by 
For —œ < t <0 [s], v(t) = 0 [V] 

For0<t<10[s], v(t) =6t? [v] 

For 10 < t < œ [s], v(t) =0[V] 


Circle the correct value of the current at t = 4 [s] 


a. 18 [A] 
b. 128 [A] 

(9 64 [A] 
d. 56[A] 


(c) [2 marks] Consider the Kirchoff Voltage Law (KVL) and Kirchoff Current Law (KCL). 
Circle the correct statement below. 


a. KVL is a statement of conservation of charges and KCL is a statement of conservation 
of energy. 


bN KVL is a statement of conservation of energy and KCL is a statement of conservation of 
charges. 


c. KVL isa statement of conservation of volume and KCL is a statement of conservation 
of current. 


d. None of the above. 
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Q2 continued 


(d) [2 marks] Circle the correct statement. 


a. 


c. 


d. 


G) 


For a capacitor, both voltage and current must be continuous functions of time. 


For a capacitor, voltage must be a continuous function of time; however, current can be 
a discontinuous function of time. 


For a capacitor, current must be a continuous function of time; however, voltage can be 
a discontinuous function of time. 


None of the above statements is correct. 


(e) [2 marks] Considering the voltage across and current through a capacitor in an AC circuit, 
circle the correct statement. 


(a) Current leads the voltage by 90 degree. 


b. 


Voltage leads the current by 90 degree. 
Current and voltage are in phase (neither leads or lags the other). 


None of the above. 


Page 7 of 14 


Q3 [10 marks] 

Consider the following circuit under DC conditions, where independent voltage (5 volts) and 
current (2 mA) sources are used to deliver electrical energy to multiple circuit elements. There 
are 2 switches (sw1 & sw2) that can be independently controlled to be in either the open or 
closed position. 


2 kQ 1kQ 1 mH 


(a) [4 marks] When sw] is closed and sw2 is open, as shown above. Determine R, such that 
maximum power is transferred to the load resistor. Assume R = 10 kQ. 


2k Ik 
Ix 
ev Reg ev (= Uc 
o M. e 
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Q3 continued. 


2 kQ 1kQ 1 mH 
TI 
BY 4 uF 1kQ 
sw1 im Ry + 
sw2 
2 kQ 1kQ > R 
als 
Ww 
3 uF 2mA 


(b) [2 marks] In the case where swl is open and sw2 is closed, shown above, determine the 
value of a replacement resistor, R such that the power dissipated by this resistor is equal to the 


power dissipated by Ry in part (a). (Use the same value of R, ) 
R= ooíft 


Pevz = (£)-(E)= 1.S6mW 


p, = (QnA) R= 16e 


R= uoo. 
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Q3 continued. 


2 kQ 1kQ 1 mH 
JOQ 
Sv] 4 uF 1kQ 
swl “a3 Ry + 
sw2 
2ka S 1ko : " 


LA 
"B 
3 uF 2 mA 
(c) [4 marks] If both sw1 & sw2 are closed, determine the Norton equivalent circuit that would 
allow maximum power transfer to a given Ry. Assume R = 2 kQ. 


2k 


lK 


Norton Equivalent Circuit: 
n" T 
FA 


ux 


- 2m 
hes Tye = 12542 
Is tye ts a RITA 
KVL @ loop | 
-Sg + HI, =O 
£ 
T am d 


“1-7 4 
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Q4 [10 marks] 
A pulse voltage source v, (£) is applied to the series RC circuit shown below. 


10kQ 


Yo ki 
20uFZvw(t) 127V f- 


(a) [6 marks] Determine the capacitor voltage ve (t). 


vs(t) 


tinseconds 


V(t) zx -Íl 


„ih iaci- eta, 4€«2, 
ee -2 
AKE) = ktke t ee n 


T= Kiet = Coen) (20mF) = 0.25 


t,= l 
foc lz€« 7, ww - si 


Rite Rieke ee 
Nz, (22) * Ks TAA 
Ne lithe MOD S07 KC 


’ t 
K, =-K, ee i 


Nz AE lot «e ° ) 


e 2s 
fec £22,0 a 
plt Ket Ki e vt 
Nz (69) = k= 0 l ! t 
"$^ yz 42v = KK, 


Wee) =x Nr, (27) z IC ee 


kc = ILIV 

£2 
ud 2 
ple ditte ^ 
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Q4 continued. (Circuit diagram and pulse diagram have been duplicated for your convenience) 


10kQ 
^ eo a 
v,(t) 204F—— (t): RY f- 


t in seconds 


(b) [2 marks] Determine the capacitor current i, (t). 


i,(t) =g 
Zó 1c«€z2- 


. d T% 
Ue) a ae Note) € 2 
-SG.6e "* €» 
fe l«€c* t-i 
. d. q(2(t-e 97 
tc)? ac rt ) 
-Ya 
- ide .- aE 
xi 
= 60e "* 
€? -42 
(20 2 * .$q4.6€ 


(c) [2 marks] Determine the energy stored in the capacitor at t4 = 1+ T and t, = 2 v, where 
t,, & t; are time in seconds, and r is the time constant of the circuit. 


Energy, = S$1'.€»3 


C= i Carel 
Energy, = (Qt. Tuy 


L . 20 “or -ARO 
u- 


- 


FEOF lows AZ DY = ETSY 


E (4a) = lone’ Iu) 2 192, 143 
No (U2) = TSE 


Ax (4.2) > 4.34 
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Q5 [10 marks] 
The circuit shown below is operating in the sinusoidal steady state with 
v,(t) = 50 cos(2000t — 20^) V and i(t) = 0.5 cos(2000t) A. 


500 i(t) 


(b) [4 marks] Find the phasor voltage, V , and the phasor current, Iy. 


-XXWZLGEV a A 
a? 
We = V - G00) 1 —55/-22 - Sox), SE 
COO LE pa Dra ir t 


© N^ a —2 / Q 
=I- cos 19 C8" 


50 450 
=0.95 L276 A (0,94+}044)@ 


VU » 


| [ r= 


(c) [1 mark] Determine the impedance of the elements in the rectangular box. 


T) 
B7 S s 
Tx  09$7276'A 72444565.9- 9 


(12.2-j26.7 2.5) 


(d) [4 marks] If the elements in the rectangular box can be modeled as a resistor connected in 
parallel with a capacitor, find the values of the resistance and the capacitance. 


R= /0.9 2 CS 15,6 AF 


et ch Js = t) wt @ 
y PUN PRO -RNNE 
Tad RT gaS 
= 0.04 | ty 0.03005 
R= — R=7o92 OC 
(0C —6,0$0f$ —5 C —15,5«F (D 
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Q1 continued 


1.4 (1 mark) An electron (e) in the presence of a uniform electric field É moves from the initial 


position (i) to the final position (f. Let AU represent the change in potential energy and AV the 
change in electrostatic potential. 


a. AU» 0andAV <0 E 
—— e 
b  AU«OandAV <0 —— e------- -0 
, (f) (i) 
——— 


c. AU» O0andAV»0 
d. AU«OandAV >Q 


1.5 (2 marks) Figure shows the cross section of two uniform sheets of positive charges placed at 


the right angle to each other. What angle do the equipotential surfaces make with the positive x- 
axis in the first quadrant (see figure)? 


y 
a. 90? f 
o + . 
b. 0 + First quadrant 
c. 60? en 
o t + t t * t + p k —x 
d. 135 
+ 
$h 
+ 
+ 


1.6 (L mark) The voltage across a 2 [H] inductor is shown. What is the value of the current 


through the inductor at t = 6 [s]? 
Voltage (V) 


a. 2[A] 
b. -4[A] 

--f» Time (s) 
c. 4[A] 


d. -2[A] 
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Q2 [10 marks] 


Consider the following diagram where the two parts of the circuit are electromagnetically 
coupled by placing a coil inside a solenoid. The dimensions of the solenoid and coil are provided 
in the table below: 


|. . y |  Selnid | Col — | 


(a) (2 marks) For a current I(t) applied by the independent current source, determine the 
magnitude of the electromotive force (|&|) induced in the coil. 
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Q3 [10 marks] 
Consider the following circuit: 
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Q4 [10 marks] 


In the circuit shown below, the switch is initially at position A. At t = 0 s, the switch moves to 
position B. Att — 5 s, the switch moves to position C. Assume that all of the capacitors have zero 
stored energy at t= 0 s. Answer the following questions. 


18 kQ 


(a) (1 mark) Calculate the time constant of the circuit when the switch is in position B. 


(b) (2 marks) Calculate the voltage across the capacitor C; att 1 s. 
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Q5 [10 marks] 
Consider the circuit shown: 


i (t) = 5cos(wt) mA. 
v(t) = 10 cos(wt — 90°) V 


(a) (7 marks) Compute the Thévenin equivalent circuit between terminals a & b for w= 
200 rad/s in the frequency domain. 
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ECE 110 - Exam Jam 


Stewart Aitchison 


Preparing for the exam 


* Develop a study plan or timetable 
* Decide which topics you need to spend most time on 
* Review Wiley Plus examples, and midterm papers 


* Look at old exam papers 


The Final Exam 


e The Final Assessment will cover all materials listed in the course syllabus. 


e The Final Assessment questions will be taken from the WileyPlus question 
pool and administered on WileyPlus (similar to the Assignments and Term 
Test-1 and Term Test-2) 


* There will be 7 questions on the Final Assessment, and students will 
receive similar questions 
* One question on electrostatics 
* Two questions on magnetism 
* Two questions on DC circuit analysis 
* One question on the first-order transient circuit 
* One question on AC circuit analysis 


Calculators 


* FASE approved Calculators are: 
* Casio fx-991 MS and 
* Sharp EL-520X 


* Make sure you know how to use them 

* Simultaneous Equations (2x2) and (3x3) 

e Physical constants - £y and Ug 

* Complex numbers — addition, subtraction, multiplication and division, polar — rectangular conversion 
* Can you solve: 

e (4k + 6k)H — 6kl4 = —6 

e (9k + 3k)I, —3kl4 = 6 

e —6kl, — 3kI,+ (3k + 6k + 12k)I4 = 0 


* And 
$us ox 12/2490? 
= Z 422459 


Topics covered in ECE 110 


* Electrostatics, Gauss's Law, electric potential, Capacitors and Resistors 
* Magnetic Fields, and Ampere's Law and Faraday's Law, Inductors 

e DC circuits 

* First Order Circuits 

* AC Circuits 


Gauss Law 


* Relates the electric flux through a closed surface to the charge 
enclosed by that surface. 
* Key Ideas: 
-@=GE.dA 4Z— 
* Both F and dA are vectors. 


Gauss Law 


pem Gaussian 
m Surface 


Biot Savart Law 


The magnitude of the field dB produced at point P 


This element of current creates a 


at distance r by a current-length element ds turns magnetic field at P, into the page. 
out to be _ Lo Gds sin 8 

dB = ; 

— wer 


d B (into 
where 2 is the angle between the directions of ds and f, a page) 
unit vector that points from ds toward P. Symbol uj, is a 

constant, called the permeability constant, whose value is 


defined to be exactly " 


distribution 


== 9 po = 4T X 1077 T-m/A = 1.26 x 10 * T-m/A. 
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The direction of dB, shown as being into the page in the figure, is that of the cross 
product dsxf. We can therefore write the above equation containing dB in vector form as 


dB _ Ho i ds X f 
^ 4T rÅ 


This vector equation and its scalar form are known as the law of Biot and Savart. 
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The figure below shows a cross section of a long thin ribbon of width w = 4.75 cm that is carrying a uniformly distributed total current į = 6.47 pA into 


the page. Calculate the magnitude of the magnetic field at a point P in the plane of the ribbon at a distance d = 2.04 cm from its edge. (Hint: Imagine 
the ribbon as being constructed from many long, thin, parallel wires.) 
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Ampere's Law 


e Can be expressed as: $ B. d$ = Lpienc 


e |, is the current enclosed by the Amperian Loop 


* Q: Inside a long metallic conductor, carrying a current |, where is the 
magnetic field B = O 
* A. At the center b 
* B. At the surface 
* C. Outside 
* D. Everywhere inside the conductor. 


Ampere's Law 


Ampere’s law states that 


The line integral in this equation is evaluated around a ) 


$ Bas 2^ 


Amperian 


closed loop called an Amperian loop. The current / on the 
right side is the net current encircled by the loop. 


ih 


Magnetic Fields of a long straight wire 


Curl your right hand around the Amperian loop, with the fingers pointing in the 
direction of integration. A current through the loop in the general direction of your 
outstretched thumb is assigned a plus sign, and a current generally in the opposite 


direction is assigned a minus sign. 


with current: 
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(outside straight wire). 


) F — (inside straight wire). 
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Only the currents 
encircled by the 
loop are used in 
Ampere's law. 


Direction of 
integration 
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Ampere's law applied to an 
arbitrary Amperian loop that 


encircles two long straight wires 
but excludes a third wire. Note the 


directions of the currents. 


A right-hand rule for 
Ampere's law, to 
determine the signs for 
currents encircled by an 
Amperian loop. 
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This is how to assign a 
sign to a current used in 
Ampere's law. 


Direction of 
integration 
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Magnetic Fields due to currents 


* For two long straight wires as shown, which expression describes the 
magnetic field at the origin? 


so, Holi a Holz. 
iv) = 
2 TA 
in 4 li 4 ae 
Hol2 t+ Holi j 
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Faraday's Law 


—. 


— 


‘C= E where the flux is given by: Dp = f B. dA = EJA- Bnr" 


* The flux induced always opposes the change in the flux of B. However, 
B induced is not always opposite to B. 


* Consider the loop in a constant B field with B = 4 T, which statement is 
true: 


r-0.50m 
a. The flux through the loop 1s 0, and current flows in the counterclockwise direction. 
b. The flux through the loop is 0, and current flows in the clockwise direction. 
B c. The flux through the loop ism) T) Webers, and current flows in the clockwise direction. 
The flux through the loop is(fi Webers, and current flows in the counterclockwise direction. 


P The flux through the loop is (fb Webers, and the current 1s O. 


e—E 


Faraday's Law 


* Now consider the loop next to a long wire: 
A 


° What is the direction of the current in the loop if it is moving parallel to the 
wire: 

e What is the direction of the current in the loop if it is moving away from 
the wire? 


DC circuits - Concept Questions 


* The circuit has two identical light bulbs connected to a battery. What 
happens to the brightness of A and B when the switch is closed? 


Concept Questions 


* Which circuit generates more light? 


circuit I circuit II 


DC Circuits ) Akad 


Q3 [10 marks] 


Consider the following circuit: 


(a) [7 marks] Compute J, using Nodal Analysis 


Thévenin's and Norton's 


* Remove the load and find the open circuit voltage of the circuit 


e To determine the R- depends on the circuit 


* Only independent sources. Replace voltage sources with short circuits and 
current sources with open circuits 


* Only Dependent sources. Connect an independent current or voltage source 
to the terminals an calculate the voltage or current. Use Ohm's Law to | 
calculate Ra, 


* Both Dependent and Independent sources. Short circuit the output terminals 
and calculate i.. Use this with v, to calculate R;,, 


e For Norton’s start with i. e ^ 
-— J H ae far | 
V | 


First order circuits 


e Can you find an expression for v,(t) and v(t) for t>0 
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First order circuits 


e Have a solution of the form: v(t)or i(t) = Kı + E dee 

e Time constant T = RC or L/R. o 

e K, is the steady state solution. —7 

e K, is the transient solution œ% t-d veks & =! 

e The current through an inductor is a continuous function 
°i(t =0-)=i,(t =0t) — 7 feu. Coy 

* The voltage across a capacitor is a continuous function 
*«v.(t-0)-2wv(t-0*) « > chagng ^. Capori ter 


: : . A Copoci ter ee. GEL Oc cirak 
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e Can you find an expression for v,(t) and v(t) for t>0 


XS 


EE FIND THE OUTPUT VOLTAGE vo(t);t>0 


6 kQ 4 KQ 


t»03—v(t)-0 t, 20.3 (03 
y,(0.3+)=4(1-e 94) 


rT =0.4 


E 
| (1-03) 


vef) vo (t) - Ko - K,e * 


y,(0)20— K, 2-0 K,=v,(0.3+) 22.1I(V) 


t—0.3 


v (t)=2.1le 9^:;t»03 


t(s) 
t<0=>v(t)=0=>vo(t)=0 vo (0+)=0 
t > 05> v(t) 29V P 

v (f) 2 K,- K;e * 
T =RpyC -(6k ||12k)x100uF —0.4s 


v (s) =—°—(9) = K, %o (0+) = Ki + K; = 


10+8 í P 
v,(t)= di-e d 


AC circuits 


* Express voltages, and currents as Phasors 


*[—lQZz0; E 
e V = W20, <= 

e Impedance is a complex number which depends on c 
° Z = Za Z0; RHX(0) 

* For simple circuits use Ohm's law 

* Apply KVL, KCL, superposition etc 

* Thevenin's, Norton's etc 


For each of the passive components the relationship between the voltage phasor 
and the current phasor is algebraic. We now generalize for an arbitrary 2-terminal 
element. 

IM /%i Z(@) = Ro) jX (v) 
R(o)-Resistive component 
X (o) - Reactive component 


ac 
VM/9v circuit |Z EvR +X? 
0, = T 
R 
(INPUT) IMPEDANCE Element Phasor Eq. Impedance 
V V4Z0, V m 2 
Z= LAE LL ea zd) R y -RI du 
JEG ET RT pe L V — JoLI Z — joL 
(DRIVING POINT IMPEDANCE) C V = Mon zat 
joC joC 


The units of impedance are OHMS. 


Impedance is NOT a phasor but a complex 
number that can be written in polar or 
Cartesian form. In general, its value depends 


on the frequency. p >| 


Ex 


KVL AND KCL HOLD FOR PHASOR REPRESENTATIONS 


t v,(t) - 


KVL: v(t) xv, (t) -v4(t) 20 KCL : - ig(t) * (t) i5 (t) - i5 (t) 20 
v, (f) =V yer, i 2123 i (t) = Dy e! , k 20123 
KVL: Vye -V,,,e/^: +V 307 e^ =0 In a similar way, one shows ... 
Vul O + V45Z 05 + V4 0, =0 
V,+V,+V;=0 Phasors! 


+V, - ; -l +4 +h +i =0 
+ + 0 I, I; I, 
V, V, 
PEN Ld l1 Jj 


The components will be represented by their impedances and the relationships 


will be entirely algebraic!! 
E E Ex 


SPECIAL APPLICATION: 
IMPEDANCES CAN BE COMBINED USING THE SAME RULES DEVELOPED 


FOR RESISTORS 


1 1 
pee vi 
Z, Z; 
f =60Hz,v(t) 2 50cos(ot + 30?) 


Compute equivalent impedance and current 
à) —120z,V =50230°, Zp 2250 


Z, = jl20a x 20x10°Q, Z;. = 6 
$$ ndi J120z x 50x10 


Z, =j754Q, Zo — 53.050 
Z, =Zp+Z,+Zo -25- j45.51Q 
V. 50730? 5030? 
(A) 


paci aye 
Z 25 — J45.51 51.937 —61.22? 


S 


L = 20 mH 


C = 50 pF 
I =0.96291.22°(A) => i(t) 2 0.96cos(120zt + 91.22°)(A) 


An AC circuit to consider 


* At which frequencies does the light bulb glow brightest? 


* Low Frequencies 
e High Frequencies _~ 


e _ 1 C 
At w = z 


PURPOSE: TO REVIEW ALL CIRCUIT ANALYSIS TOOLS DEVELOPED FOR 
RESISTIVE CIRCUITS; I.E., NODE AND LOOP ANALYSIS, SOURCE SUPERPOSITION, 
SOURCE TRANSFORMATION, THEVENIN'S AND NORTON'S THEOREMS. 


COMPUTE I, VERTEREM 
14 jl EST 


V, T ME T TL 
] 4 jl 1-1 1+ jl 


V (1— JI) - (1- JD — JD) - (1 JI) 2019 71) +6 
5 = 


(1+ jd — jl) 1+ jl 
aha 
1. NODE ANALYSIS 1-j 
(Go JY - 7) 
ita -22094 32, Lx =0 ee 2 
]4 jl 1 1-Jl 
V, -V, = -620° I, = E - j5 oo I, = 2.927 — 30.96 
y 
I- 74A) NEXT: LOOP ANALYSIS 
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2. LOOP ANALYSIS 


6/0? V 


ONE COULD ALSO USE THE SUPERMESH 
TECHNIQUE 


SOURCE IS NOT SHARED AND lo IS 


DEFINED BY ONE LOOP CURRENT EP 
LOOP 1: Z, 2-270? Hcet 
LOOP 2:(1+ D, +1,)-620° - (1 j). + 1) 20 if 
(2 3: 0- DU, +L)+1=0 CONSTRAINT: I, — I, = -240° 
MUST FIND I, SUPERMESH: (1+ j)I, - 670? - (I, -1,) 50 


MESH 3: (4, -L) x 0 j)1, =0 


21, € (0-1, 26-0 J)(2) J razi 
Ij; -I;-H 


(-55-Q-pn-o C2) 
(a— jf)? -22- jr, = a- 8 - 2j) 
10—-6j 5 3 
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